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ABSTRACT 
This project was undertaken by the students at the 
University of the Pacific in the course, "Applied 
Thermodynamics." The design project was carried 
out by two student design teams: One using 
activated charcoal in the recovery process, and one 
using liquid nitrogen in the recovery process. The 
project was directed by Professor Edwin Pejack, 
Chairman of the Department of Mechanical 
Engineering. The design teams gave a presentation 
of their results at NASA Ames in November, 1987. 
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ABSTRACT 
T h e  h i g h  d e n s i t y ,  l o w  t o x i c i t y  c h a r a c t e r i s t i c s  o f  r e f r i g e r a n t - 1 2  
(aichloroaifluoromethane) make i t  a n  i d e a l  g a s  f o r  w i n a  t u n n e l  
t e s t i n g .  P re sen t  l i m i t a t i o n s  on  R-12 e m i s s i o n s ,  s e t  t o  s l o w  t h e  
r a t e  o f  o z o n e  d e t e r i o r a t i o n ,  p o s e  a d i f f i c u l t  p r o b l e m  i n  r e c o v e r y  
a n d  h a n d l i n g  o f  l a r g e  q u a n i t i e s  o f  R-12. T h i s  p r e l i m i n a r y  d e s i g n  
r e p o r t  i s  a p o s s i b l e  s o l u t i o n  t o  t h e  p r o b l e m  o f  R-12 h a n a l i n g  i n  
w i n d  t u n n e l  t e s t i n g .  T h e  d e s i g n  i n c o r p o r a t e s  c o l d  t e m p e r a t u r e  
c o n a e n s a t i o n  w i t h  s e c o n a a r y  p u r i f i c a t i o n  o f  t h e  R - l Z / a i r  mixture 
by a d s o r p t i o n .  I 
1. 
2 .  
3 .  
4 .  
r*.. . .  '. "* 5 .  
6. 
7 .  
0 .  
T A B L E  O F  C O N T E N T S  
I N T R O D U C T I O N  
D E S I G N  A N A L Y S I S  A N D  S E L E C T I O N  
O P E R A T I O N  OF S Y S T E M  D U R I N G  R E C O V E R Y  
I )  P R I M A R Y  S E P A R A T O R  
1 1 )  S E C O N D A R Y  S E P A R A T O R  . 
P R E S S U R I Z A T I O N  W I T H  R E F R I G E R A N T - 1 2  
I )  E V A C U A T I N G  
11) F I L L I N G  
S A F E T Y  A N D  H A Z A R D S  
SY S T E M  S P  E C  I F  I C A T  I O N  S 
C O N C L  U S I O N  
A P P E N D I X  





1 5  
21 
2 2  
2 5  
26 
W I N D  TUNNEL P R E S S U R I Z A T I O N  A N D  R E C O V E R Y  S Y S T E M  
INTRODUCTION 
T h i s  r e p o r t  i s  a p r e l i m i n a r y  d e s i g n  f o r  a r e f r i g e r a n t -  
12 ( D i c h l o r o d i f l u o r o m e t h a n e )  r e c o v e r y  a n d  p r e s s u r i z a t i o n  system. 
The p r o p o s e d  s y s t e m  i s  t o  be a p a r t  o f  t h e  N A S A  A M E S  1 2  x 12  f o o t  
p r e s s u r i z e d  w i n d  t u n n e l  a t  S u n n y v a l e ,  C a l i f o r n i a .  The gas  
h a n d l i n g / l i q u e f a c t i c n  s y s t e m  w o u l d  p e r m i t  t h e  t u n n e l  t o  be  
s w i t c h e d  b e t w e e n  a i r  a n d  R-12 up  t o  a maximum p r e s s u r e  o f  7 
a t m c s p h e r e .  I t e m s  i n  t h i s  r e p c r t  i n c l u d e  o p e r a t i o n  c o n c e p t s ,  
s y s t e m  f l o w  r a t e s ,  m a j o r  e q u i p m e n t  i t e m s  a n d  a n d  p r o c e s s  
s p e c i f i c a t i o n s  s u c h  as t i m e  ana p c w e r  r e q u i r e a .  The  m a j c r  




t c  t h e  e n v i r o n m e n t  i n  o r a e r  t o  m a i n t a i n  w i t h i n  t h e  l i m i t s  s e t  by  
t h e  E n v i r o n m e n t a l  P r o t e c t i o n  Agency (EPA) . 
The e x i s t i n g  1 2  x 12  f o o t  p r e s s u r i z e a  w i n a  t u n n e l  h a s  
been  d e - r a t e d  f r o m  7 a t m o s p h e r e  down t o  1 a t m o s p h e r e .  The o l d  
s t r u c t u r e  h a s  s i g n s  o f  f a t i g u e ,  c r a c k s  h a v e  b e e n  f o u n d  i n  v a r i o u s  
a r e a s  on  t h e  w ina  t u n n e l  s h e l l .  I n  o r d e r  t o  r e s u m e  h i g h  p r e s s u r e  
w i n d  t u n n e l  o p e r a t i o n ,  N A S A  AElES p l a n  t o  r e p l a c e  t h e  o l a  M i n d  
t u n n e l  w i t h  a new t u n n e l  d e s i g n e d  f o r  o p e r a t i o n  a t  7 a t m o s p h e r e  
c f  a i r  o r  R - 1 2 .  The u s e  c f  a a e n s e r  f l u i d  s u c h  as  R-12 i n  t h e  
w i n a  t u n n e l  t e s t i n g  i s  one way t c  a c h i e v e  h i g h e r  t e s t  R e y n o l d  
n u m b e r s ,  ana t h e r e f c r e  m c r e  n e a r l y  s i m u l a t e  t r u e  v i s c o u s  e f f e c t s  
i n  t h e  w i n a  t u n n e l .  P r e s e n t l y ,  t h e  e m i s s i o n  o f  r e f r i g e r a n t  t y p e  
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. g a s e s  i n t o  t h e  e n v i r c n m e n t  i s  a m a j o r  c o n c e r n  due  t o  t h e  
.-A 
d e t e r i o r a t i o n  o f  t h e  o z o n e  l a y e r .  C o n s e q u e n t l y  t h e  u s e  o f  t h e  
R-12 i n  l a r g e  q u a n t i t i e s  r e q u i r e  a w e l l  d e s i g n e d  s y s t e m  f o r  
r e c o v e r y  o f  t h e  R-12 w i t h  p a r t i c u l a r  a t t e n t i o n  f o c u s e d  on  c o n t r o l  
o f  e m i s s i c n .  
0 
D E S I G N  ANALYSIS A N D  SELECTION 
Many v a r i o u s  c o n c e p t s  o f  t h e  R-12 p r e s s u r i z a t i c n  ana 
r e c o v e r y  w e r e  a n a l y z e d  i n  t h e  e a r l y  s t a g e s  o f  t h e  p r o j e c t .  
L i q u e f a c t i c n  w i t h i n  t h e  t u n n e l  as  w e l l  as e x t e r n a l  l i q u e f a c t i o n  
w e r e  a n a l y z e d .  I n  e i t h e r  c a s e  t h e  m o s t  e f f e c t i v e  m e t h o d  o f  
c o n d e n s a t i o n  was a e t e r m i n e a  t o  be a t  c o l a  t e m p e r a t u r e  w i t h  
p o z s i b l e  i n c r e a s e d  p r e s s u r e .  The l o w  t e m p e r a t u r e  c o u h  be  
a c h i e v e d  w i t h  t h e  use  o f  c r y o g e n i c s  o r  a t y p i c a l  v a p o r  
c o m p r e s s i o n  r e f r i g e r a t i o n  c y c l e .  T o t a l  o f  e x t r a c t i o n  c f  t h e  R-12 
gas WoulC b e  a p p r o a c h e d  w i t h  t h e  use  c f  some t y p e  o f  f i l t e r  o r  
p r o c e s s  w h i c h  w171 t r a p  R-12 b u t  a l l o w  a l r  t o  p a s s  t h r o u g h .  
S u b s t a n c e s  s u c h  as s i l i c a  g e l ,  m o l e c u l a r  s i e v e s  a n a  v a r i o u s  t y p e s  
o f  t h e  a d s o r b e n t s  w e r e  e x a m i n e d  t o  d e t e r m i n e  i f  t h e y  w o u l d  meet 




The s y s t e m  c o n t i g u r a t i o n  chcse r :  f o r  f u r t h e r  a n a l y s i s  
c o n s i s t s  o f  : 
- Pumps a n c  c c m p r e s s o r s  c a p a b l e  o f  p r e s s u r i z i n g  o r  
e v a c u a t i n g  t h e  t u n n e l  f r o m  7 a t m  t c  0.04 a t m .  
- P r i m a r y  l i q u e f z c t l c n  o f  t h e  R-12 gas  w i t h  c c l c  
t e m p e r a t u r e  ( - 8 0  d e g r e e  F )  s u p p l i e a  b y  a 
- 2 -  
r 
r e f r i g e r a t i o n  sys tem.  
- S e c o n d a r y  R - l Z / a i r  s e p a r a t i o n  w i t h  a c t i v a t e 0  c a r b o n  
w h i c h  i s  m a i n t a i n e d  a t  l o w  t e m p e r a t u r e .  
- D e s o r b t i o n  o f  R - 1 2  gas  w i t h  u s e  o f  h o t  a i r .  
- L o n g  t e r m  l i q u i d  R - 1 2  s t o r a g e  t a n k .  
- V a r i o u s  h e a t  e x c h a n g e r s ,  l i q u i d  pumps, d r i e r s , o i l  
t r a p s  a n d  o t h e r  s u p p o r t  e q u i p m e n t .  
- A c o n t r o l  s y s t e m  c a p a b l e  o f  m o n i t o r i n g  v a r i o u s  s t a g e s  
o f  t h e  p r o c e s s  t o  e n s u r e  o p t i m u m  o p e r a t i n g  c o n a i t i c n s  
a t  a l l  t i m e s .  
O P E R A T I O N  OF S Y S T E M  D U R I N G  R E C O V E R Y  ( s e e  f i g u r e  1) 
A f t e r  r u n n i n g  t h e  t e s t  w i t h  7 a t m o s p h e r e  o f  R-12 i n  t h e  
- 
w i n 0  t u n n e l ,  t h e  g a s  W i l l  be r e c o v e r e d  b y  p a s s i n g  i t  t h r c u g h  t h e  
r e c o v e r y  s y s t e m .  T h e  m a i n  componen ts  o f  t h e  r e c o v e r y  s y s t e m  
c o n s i s t  o f  C a r r i e r  c o m p r e s s c r s ,  l i q u i d  r i n g  vacuum pumps, v a l v e s  
and  t h r o t t l e  v a l v e s ,  h e a t  e x c h a n g e r s ,  p r i m a r y  s e p a r a t o r ,  pumps, 
s t o r a g e  t a n k ,  a n d  s e c o n a a r y  s e p a r a t o r  o t  a c t i v a t e d  c a r b o n .  F i g u r e  
1 shows t h e  p r o p c s e d  s y s t e m  u s i n g  a d s o r p t i o n  p r o c e s s .  
A t  t h e  b e g i n n i n g  o f  t h e  p r o c e s s  g a s e o u s  R - 1 2  i s  a t  7 
a t m o s p h e r e ,  t h e  v a l v e  V2 i s  openea t o  l e t  t h e  R - 1 2  p a s s  t h e  
t h r c t t l e  v a l v e  t o  r e a u c e  i t s  p r e s s u r e  as w e l l  a s  t c  c c n t r c l  i t s  
f l o w r a t e .  By  p a s s i n g  i t  t h r c u g h  H e a t  E x c h a n g e r  1 ( b e t w e e n  1 and 
2 1 ,  t h e  R - 1 2  v a p o r  i s  c c c l e c  b y  p a s s i n g  l i q u i a  R - 1 2  f r o m  pump 1 
o r  b y  r e f r i g e r a t i o n  s y s t e m .  Then  i t  i s  p a s s e a  t h r o u g h  a l a r g e  
r e f r i g e r a t i o n  u n i t  a t  3 ,  t h e  R-12 v a p o r  w i l l  b e  l i q u e f i e d  w h i l e  
0 
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p a s s i n g  t h r o u g h  t h e  p r i m a r y  s e p a r a t o r .  L i q u i d  R-12 Pump 1 i s  usea  [*? 
I. 1 - .. ..\ 
t o  t r a n s p o r t  t h e  r e f r i g e r a n t  f r o m  t h e  p r i m a r y  s e p a r a t o r  t a n k  t o  
m a i n  s t o r a g e  a t  7 atm. The t e m p e r a t u r e  o f  t h e  f l u i d  i n  s t c r a g e  
0 
w i l l  be  t h a t  o f  a m b i e n t ,  a s s u m i n g  t h a t  i t  w i l l  h a v e  s u f f i c i e n t  
p r e s s u r e  t o  r e m a i n  l i q u i a .  
When t h e  C a r r i e r  c o m p r e s s o r  C 1  i s  a c t i v a t e a ,  f i r s t  
v a l v e  Y2 i s  c l o s e d  w h i l e  V4 I s  opened. The C1 i s  c a p a b l e  o f  
r e d u c i n g  t h e  p r e s s u r e  i n s i d e  t h e  w i n a  t u n n e l  aown t o  0.25 atm. 
When t h i s  p r e s s u r e  i s  a c h i e v e d ,  t h e  l i q u i d  r i n g  pump t h a t  i s  
c a p a b l e  o f  r e d u c i n g  t h e  p r e s s u r e  aokn  t o  0.04 a t m .  w i l l  be 
a c t i v a t e d .  T h i s  i s  t h e  l o w e s t  p r e s s u r e  t h a t  c a n  b e  a c h i e v e d .  A t  
t h i s  p c i n t  a i r  f r o m  t h e  a t m c s p h e r e  i s  d e h u m i d i f i e d  b y  d r y e r s  ana 
t h e n  i n t r o a u c e d  i n t o  t h e  t u n n e l  a t  V 1  w h i l e  r u n n i n g  t h e  
c o m p r e s s o r  C2. Pump 1 w h i c h  pumps l i q u i d  R-12 t o  m a i n  s t o r a g e  
w i l l  be  s h u t  down i f  t h e  l i q u i d  R-12 l e v e l  d c e s  n o t  e x c e e a  t h e  
s p e c i f i e c  h e i g h t  s i n c e  t h i s  l e v e l  m u s t  be m a i n t a i n e d  t c  meet pump 
head  p r e s s u r e  r e q u i r e m e n t s  w h i c h  p r e v e n t s  c a v i t a t i o n .  
,- , 
W h i l e  a i r  i s  b e i n s  i n t r o a u c e d ,  t h e  s e c o n d a r y  s e p a r a t o r  
w h i c h  s e p a r a t e s  R-12 f r o m  a i r  by a d s o r p t i o n  p r G c e s s  i s  a c t i v a t e a .  
T h i s  i s  done  when a i r  i s  sensea  a t  t h e  p r i m a r y  s e p a r a t c r  ( 4 ) .  
The v a l v e  V6 i s  opened  ana t h e  c o m p r e s s o r  C3 i s  s t a r t e d  t c  l e t  
t h e  m i x . t u r e  cf a i r  anG R-12 t c  be c o o l e a  w h i c h  a i a s  i n  t h e  
a d s o r p t i c n  p r o c e s s .  The a a s o r b e n t  b e a s  o f  a c t i v a t e d  c a r b c n  a r e  
. m a i n t a i n e d  a t  l c w  t e m p e r a t u r e  by r e f r i g e r a t i o n  s y s t e m .  T h e  c o o l  
p u r e  a i r  ( a t  10) t h a t  l e a v e s  t h e  a a s o r b e n t  b e a s  w i l l  be usea t c  
- 5 -  
cool t h e  m i x t u r e  o f  a i r  a n d  R-12 f r o m  C3 i n  h e a t  exchanger  3 
b e f o r e  be ing  r e l e a s e d  t o  t h e  atmosphere a t  p o i n t  11. A sens ing  
d e v i c e  a t  11 wil l  d e t e c t  t h e  c o n c e n t r a t i o n  o f  R-12 i n  t h e  mixture  
(y;< . .. 
0 
o f  a i r .  I f  t h e  c o n c e n t r a t i o n  o f  R-12 exceededs  t h e  p e r m i s s i b l e  
v a l u e ,  a n  a l a r m  w i l l  be s e t  a n d  t h e  system w i l l  be s h u t  down.  
I n  r e g e n e r a t i n g  t h e  R-12 f rom t h e  a d s o r b e n t ,  valve V10 
w i l l  be c l o s e a  a n d  va lve  V 1 1  w i l l  be opened t o  l e t  warm a i r  f l o w  
t h r o u g h  t h e  c o i l s  i n s i d e  t h e  secondary s e p a r a t o r .  The 
r e g e n e r a t e d  R-12 which l e a v e s  p o i n t  1 3  i s  p a s s e a  t h r o u g h  t he  
vacuum p u m p  t o  a i d  d e s o r p t i o n  p rocess  b e f o r e  i t  i s  taken  t o  J .  
Then t h e  m i x t u r e  w i l l  p a s s  t h r o u g h  t h e  pr imary s e p a r a t o r  where i t  
i s  r e t u r n e d  t o  t h e  p u r i f y i n g  p rocess  a g a i n .  T h e  volume o f  t h e  
a d s o r p t i o n  beas  w i l l  be s i z e d  t o  a l low a d s o r p t i c n  o f  t h e  t o t a l  
mass o f  R - 1 2  remain ing  i n  t h e  w i n d  t u n n e l  a t  0 .04  atm.  This  w i l l  
e l i m i n a t e  t h e  need f c r  r e g e n e r a t i o n  wh i l e  t h e  seconaary  process  ' 0 
i s  I n  o p e r a t i o n .  Desorp t ion  p rocess  can t h e n  proceed as a 
p a r a l l e l  t a s k  w i t h  w i n a  t unne l  wcrk. 
P R I M A R Y  S E P A R A T I O N  ( s e e  f i g u r e  2 )  
The p r i m a r y  s e p a r a t i o n  system c o n s i s t s  o f  heat  
exchange r s ,  a t a n k ,  a r e f r i g e r a t i o n  sys tem,  a l i q u i d  p u m p ,  a n d  
t h e  m a i n  s t o r a s e  t a n k .  T h e  t a n k  s i z e  f o r  t h e  p r i m a r y  s e p e r a t o r  
i s  6 f e e t  i s  i n  a i a m e t e r  a n a  1 0  f e e t  i n  h e i g h t ,  (volume o f  2100 
g a l l c n s ) .  I t  i s  f u l l y  i n s u l a t e d  a n a  t o  be m a i n t a i n e a  a t  - 8 0  F .  
T h e  s i z e  cf t h e  l i q u i a  p u m p  i s  chosen t o  be 180  g a l / m i n  i n  o r d e r  
t o  hana le  t o  ccnaensea  R-12 t r c m  t h e  w i n a  t u n n e l .  0 
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Prior t o  t h e  s t a r t  o f  reccvery p rccess ,  t h e  p r i m a r y  
s e p a r a t o r  tank i s  i n i t i a l l y  f i l l e d  w i t h  l i q u i d  r e f r ige ran t -12  a t  
abcut  50% of i t s  volume. The reasons f o r  t h e  a d d i t i o n a l  l i q u i d  R -  
1 2  a r e  t o  main ta in  adequate  suc t ion  p r e s s u r e  a t  t h e  l i q u i d  
r e f r i g e r a n t - 1 2  p u m p  a n d  t o  s u p p l y  a co l a  mass f l o w  o f  
r e f r i g e r a n t - 1 2  i n  the  co ld  s i d e  of heat exchanger 1 i s  p r i m a r i l y  
usea t o  reduce t h e  hea t  o f  ccmpression from t h e  previous  process.  
Meanwhile, t h e  low tempera ture  source f o r  t h e  p r i m a r y  s epa ra to r  
i s  supp l i ea  d i r e c t l y  by  t he  r e f r i g e r a t i o n  system. In o r d e r  t o  
ensure  t h a t  t h e  l i q u e f a c t i o n  process  i s  maximum a t  t h e  heat 
exchanger 2 ,  a c o n t r ~ l  system i s  i n s t a l l e d  a t  i t s  o u t l e t  t o  sense 
a n y  Uncondensed r e f r i g e r a n t - 1 2 ,  so t h a t  the  proper  adjustment of 
t h e  mass f lcw r a t e  can be made a t  t he  t h r o t t l e  va lve  1. Ancther 
c o n t r o l l e r  needed i n  t h e  p r i m a r y  s e p a r a t o r  i s  a l i q u i d  l eve l  
c o n t r o l l e r  t o  m a i n t a i n  t h e  s p e c i t i e C  l i q u i d  ' level i n  t he  p r i m a r y  
t a n k .  T h i s  c o n t r o l l e r  w i l l  au tomat i ca l ly  t u r n  t he  l i q u i d  pump on 
a n d  o f f  s o  t h a t  t h e  l e v e l  i s  m a i n t a i n e d  a t  one h a l f  o f  the  t a n k  
throughout  t h e  process ,  
The f i n a l  s t a g e  in  t h e  p r i m a r y  system process  i s  t o  
t r a n s p o r t  a n d  s t o r e  t h e  l i q u i d  r e f r i g e r a n t - 1 2  i n t o  t h e  m a i n  
s t o r a g e  t a n k .  This l i qu i ' a  r e f r i g e r a n t - 1 2 ,  which i s  pumped c u t  
f r o m  the  p r i m a r y  s e p a r a t o r  t a n k  i s  t r a n s f e r r e d  t h r o u g h  the  heat 
e x c h a n ~ e r  1 t o  i n c r e a s e  t h e  temperature  b e f o r e  s t o r i n g  i t  a t  7 
atmosphere a n a  80 degrees  F. 
- a -  
S E C U N D A R Y  S E P A R A T I O N  ( s e e  f i g u r e  3 )  
A s  s t a t e d  i n  t h e  design s e l e c t i o n ,  t h e  Secondary R-12 
Sepe ra t ion  System w i l l  u t i l i z e  a c t i v a t e d  carbon t o  a d s o r b  t h e  
gaseous R-12. Ac t iva t ed  carbon was fo 'und t o  b e  t h e  most  
e f f i c i e n t  method o t  s e p a r a t i n g  a i r  f r o m  r e f r i g e r a n t s .  The 
a d s o r p t i o n  process  reduces  t h e  p a r t i a l  p r e s s u r e  o f  t h e  R-12 t o  a 
very low va lue ,  r e s u l t i n g  i n  very low emission t o  t h e  
environment. I n s p e c t i o n  o f  t h e  aasorbent  i so the rm g r a p h  2 on  t h e  
next page, supp l i ed  b y  American Norit Company Inc. ,  i n d i c a t e s  
t h a t  as  t h e  tempera ture  of adsorbent  d e c r e a s e s ,  i t s  aaso rp t ion  
Capaci ty  i n c r e a s e s .  The amcunt of  a c t i v a t e a  carbon requi rea  was  
determined f r o m  t h e  adsorbent  isotherm. A s s u m i n g  t h a t  t h e  
aa so rben t  bed i s  r e f r i g e r a t e a  t o  32 F ,  a t o t a l  of 6 3 , 0 0 0  l b s  o f  
a c t i v a t e d  carbon i s  r equ i r ed  t o  adsorb t h e  t o t a l  amount of R-12 
remaining a t  0 .04  a t m .  ( 1 2 , 0 0 0  l b  o f  R-12, s e e  Appendix f o r  
c a l c u l a t i o n s ) .  A c r i t i c a l  v a r i a b l e  i n  t h e  a d s o r p t i o n  process i s  
t h e  v e l c c i t y  of t h e  a i r / R - 1 2  mixture.  In o r d e r  t o  maximize 
adso rp t ion ,  an a i r l R - 1 2  mixture v e l o c i t y  of 50 f t / m i n  was 
recommended by va r ious  a c t i v a t e d  carbon manufac turers .  A common 
l a r g e  a d s o r p t i o n  bea s i z e  i s  6 f t  i n  d iameter .  These parameters 
were usec t o  des ign  t h e  a a s c r p t l c n  bea s i z e  ana t o  determine the  
m a x i m u m  a l lowab le  f l c l w  r a t e  t h r o u g h  t h e  b e d s .  (See CalCUlatiCnS 
i n  Appenaix a n d  g r a p h  3 . )  The seccndary s e p a r a t i o n  process t ime 
may be decreased b y  i nc reas ing  t h e  number o f  adso rp t ion  beds thus  
a l lcwing  t h e  flcw r a t e  t c  i nc re s se .  
a -  
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Once t h e  w i n d  t unne l  p r e s s u r e  i s  a t  0.04 atm. ,  a i r  w i l l  
c\ 
I . -  
* .  be i n t r o d u c e d  i n t o  t h e  w i n d  t u n n e l .  A v a r i a b l e  conductance v a l v e  
w i l l  be a u t o m a t i c a l l y  c o n t r o l l e d  i n  c r d e r  t o  m a i n t a i n  t h e  
-'- 0 
p r e s s u r e  o f  t h e  a i r  i n  t h e  tunne l  a t  0 .1  a tmosphere.  The a i r  
w i l l  a l s o  be dehumid i f i ed  w i t h  s i l i c a - g e l  t o  p r e v e n t  water  v a p o r  
c o n d e n s a t i o n  i n  t h e  co ld  condenser  c o i l s  o f  t h e  p r i m a r y  
s e p a r a t o r .  The a i r / R - 1 2  mixture  wi l l  be c o c l e a  down t o  a very 
l o w  t e m p e r a t u r e  as i t  p a s s e s  t h r o u g h  t h e  p r i m a r y  s e p a r a t o r .  Once 
a i r  i s  d e t e c t e d  i n  t h e  p r i m a r y  s e p a r a t c r ,  t h e  a a s c r p t i o n  p rocess  
compressor  (C3) i s  a c t i v a t e d .  Compressor C3 i s  needed i n  o r d e r  
t o  cvercome t h e  p r e s s u r e  d r o p  a c r o s s  t h e  a d s o r b e n t  beds a n d  
e x h a u s t  t h e  p u r i f i e d  a i r  t o  t h e  atmosphere.  The compressed 
a i r /R-12  i s  t hen  c c c l e d  b y  t h e  c o l a  p u r i f i e d  a i r  f r o m  t h e  
a d s o r b e n t  bed b e f o r e  r each ing  t h e  a d s o r b e n t  beds.  The p rocess  
Wi l l  c c n t i n u e  u n t i l  t h e  mass o f  r e f r i g e r a n t  i n  t h e  t a n k  i s  a s  l ow e 
as r e a s c n a b l y  a c h i e v a b l e .  (See g r a p h  1 o f  a d s o r p t i o n  process  
D e s c r p t i o n  cf t h e  a c t i v a t e d  carbon i s  ach ieved  w i t h  t h e  
use o f  h o t  a i r  w h i c h  i s  passed t h r o u g h  C o i l s  w i th - in  t h e  beds. 
The d e s c r b e a  R-12 gas w i l l  be i n t r o d u c e d  b a c k  i n t o  t h e  p r i m a r y  
system where i t  w i l l  be compressed a n d  l i q u i f i e d .  The r ins  pumps 
w i l l  b e  u t i l i z e a  t c  speec  u p  t h e  a e s o r p t i c n  p r c c e s s .  T h e  
a e s o r p t i o n  t ime i s  d i r e c t l y  r e l a t e d  t c  t h e  t e m p e r a t u r e  o f  t he  h o t  
a i r .  M c s t  a c t i v z t e c  carbcn m a n u t a c t u r e r s  recommenea t h e  uze o f  
h i g h  t e m p e r a t u r e  steam i n  t h e  r e g e n e r a t i o n  p r o c e s s .  This  methoc 
was n o t  u s e a ,  t h e  aaaea equipment r e q u i r e a  t c  remcve t h e  rncis ture  
f r c m  t h e  R-12 w o u l d  compl i ca t e  t h e  system. 0 
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When t h e  t e s t  i s  d e s i r e d  t o  b e  r u n  w i t h  h i g h  d e n s i t y  
f l u i d  i n  t h e  t u n n e l ,  t h e  l i q u i d  R-12 f r o m  t h e  m a i n  s t o r a g e  w i l l  
b e  v a p o r i z e d  b e f o r e  f i l l i n g  p r o c e s s  c a n  be  done. When 
p r e s s u r i z i n g  t h e  t u n n e l  w i t h  R-12, t h e r e  a r e  t w o  m a j o r  s t e p s  : 
1 )  E v a c u a t i o n  o f  a i r  w i t h - i n  t h e  t u n n e l ,  a n d  2 )  E v a p o r a t i o n  a n a  
p r e s s u r i z a t i o n  o f  t h e  R-12 gas. (  F i g u r e  4 shows t h e  
p r e s s u r i t a t i c n  s y s t e m  ccmponen ts . )  
1) E v a c u a t i n g  A i r  
I n i t i a l l y  t h e  p r e s s u r e  i n s i d e  t h e  t u n n e l  I s  a t  1 atm. 
T h e  t u n n e l  i s  p r o p o s e d  t o  h a v e  a l l  R-12 g a s e o u s  a t  7 atm, 
t h e r e f o r e  a l l  a i r  m u s t  b e  t a k e n  o u t .  I t  i s  v e r y  d i f f i c u l t  t o  g e t  
r i d  o f  a i r  s i n c e  p e r f e c t  vacuum c o n d i t i o n s  i n s i d e  t h e  t u n n e l  
c a n n o t  be  a c h i e v e d .  By  s e l e c t i n g  t h e  r i g h t  pump t h e  amount o f  a i r  
I n s i d e  t h e  t u n n e l  c a n  b e  m i n i m i z e d .  I n  t h i s  a e s i g n  t h e  l c w e s t  
p o s s i b l e  p r e s s u r e  t h a t  c a n  be a c h i e v e a  i s  0.04 atrn. T h i s  i s  d o n e  
b y  u s i n g  t w o  C a r r i e r  c c m p r e s s o r s  w i t h  c a p a b i l i t y  o f  25,000 CFM 
t o r  ezlch c o m p r e s s o r  ana  f l v e  l i q u i a  r i n g  vacuum pumps w i t h  
c a p a b i l i t y  o f  2 ,100 CFi4 f c r  e a c h  pump. 
, m  
F i r s t  o f  a l l ,  t w o  C a r r i e r  c o m p r e s s o r s  w i l l  be u s e c  t o  
r e d u c e  t h e  w i n a  t u n n e l  p r e s s u r e  f r o m  1 a t m  t o  0.25 atm. The 
C c m p r e s s o r s  w i l l  a i s c h a r g e  t h e  a i r  f r c m  t h e  t u n n e l  t h r c u g h  VI1 
ana  r e l e a s e  i t  i n t o  t h e  a t m o s p h e r e .  T i m e  r e q u i r e d  i s  28 m i n u t e s .  0 
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A f t e r  t h e  p r e s s u r e  o f  0.25 a t m  i s  a c h i e v e d ,  a l l  l i q u i d  F’ 
‘I) r i n g  vacuum pumps w i l l  b e  u s e d  w h i l e  t h e  l a r g e  c o m p r e s s o r s  a r e  
i d l e .  The  r i n g  pumps w i l l  r e d u c e  t h e  p r e s s u r e  down t o  0.04 a t m  
i n  a p p r o x i m a t e l y  1 7 4  m i n u t e s .  T h i s  i s  t h e  l o w e s t  p r e s s u r e  i n s i d e  
t h e  t u n n e l  t h a t  c a n  be  a c n i e v e d  w i t h  t h e  p r o p o s e 0  c o n f i g u r a t i o n  
o f  pumps. A f t e r  t h i s  p r e s s u r e  i s  a t t a i n e d ,  t h e  f i l l i n g  p r o c e s s  
c a n  b e  s t a r t e a .  
1 1 )  F i l l i n g  
D u r i n g  t h e  f i l l i n g  p r o c e s s  t h e  g a s e o u s  R - 1 2  w i l l  be 
i n j e c t e d  i n t o  t h e  t u n n e l  w i t h  t h e  u s e  o f  t h e  c o m p r e s s o r s .  The 
s t a g e s  o f  v a p c r i z a t i o n  ana p r e s s u r i z a t i o n  a r e  shown on t h e  P - H  
l o c a t e d  o n  t h e  n e x t  page. I n  o r d e r  t o  fill t h e  t u n n e l  w i t h  
g a s e c u s  R-12 a t  7 a t m  p r e s s u r e  I t  I s  r e q u i r e d  t h a t  1,075,032 k g  
( 2,370,000 l b s  o f  l i q u i a  R - 1 2  m u s t  b e  v a p o r i z e d .  
D u r i n g  t h e  p r e s s u r i z a t i o n  p r o c e s s ,  t h e  s t o r e a  l i q u i d  
R-12, i n i t i a l l y  a t  7 atm, w i l l  b e  t h r o t t l e d  b y  p a s s i n g  i t  t h r o u g h  
t h r c t t l e  v a l v e  V2. T h e  t h r o t t l i n g  p r o c e s s  w i l l  r e d u c e  t h e  
p r e s s u r e  a s  w e l l  a s  c o n t r o l  t h e  f l o w  r a t e  s u c h  t h a t  t h e  h e a t  
e x c h a n g e r  i s  c a p a b l e  o f  v a p o r i z i r i g  a l l  l i q u i a  R-12. A se r . sc r ,  
l o c a t e d  n e a r  t h e  o u t l e t  o.f t h e  v a p o r i z e r ,  W i l l  c o n t r o l  t h e  f l o w  
r a t e  t c  e n s u r e  c o m p l e t e  v a p c r i z a t i c n  o f  R-12. I f  l i q u i a  
r e f r i g e r a n t  i s  d e t e c t e d ,  t h e  v a l v e  a r e a  w i l l  a u t o m a t i c a l l y  b e  
v a r i e a  t c  d e c r e a s e  t h e  f l c w  r a t e  e n s u r i n g  a l l  l i q u i a  i s  
v a p o r i z e d .  I n  o r d e r  t o  v a p c r i z e  t h e  R-12, a t o t a l  o f  126,000,000 
K J  c f  e n e r g y  i s  r e q u i r t . 0 .  T h e  h e a t  f r c m  t h e  c o o l i n g  w a t e r  c t  t h e  
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P c o m p r e s s o r s  a t  NASA AMES, w h i c h  i s  u s u a l l y  c o o l e d  by a c o o l i n g  '- 
tower, c a n  be used t o  s u p p l y  p a r t  o f  t h i s  h e a t .  T h i s  will h e l p  
, t o  r e d u c e  t h e  t e m p e r a t u r e  o f  t h e  c o o l i n g  water v e r y  e f f e c t i v e l y  
as  well a s  reduce t h e  o p e r a t i n g  c o s t s  o f  t h e  p r e s s u r i z a t i o n  
p r o c e s s .  Af t e r  b e i n g  v a p o r i z e d ,  t h e  R-12 g a s  w i l l  be p re s su r i zed  
by u s i n g  t w o  C a r r i e r  c o m p r e s s o r s .  T h e  e s t i m a t e d  time f o r  t h i s  
p r o c e s s  i s  a p p r c x i m a t e l y  1 0 3  minu tes .  
SAFETY A N D  HAZARDS 
As i n  a n y  s i t u a t i c n ,  s a f e t y  i s  o f  t h e  u t m o s t  i m p o r t a n c e  
i n  o r d e r  t o  p r e v e n t  i n j u r y ,  l o s s  o f  l i f e  or d a m a g e  t o  e q u i p m e n t .  
Tc p reven t  a n y  u n s a f e  s i t u a t i o n s ,  s t r i c t  o p e r a t i n g  p r o c e d u r e s  a n a  
g u i d e l i n e s  s h o u l d  be u n d e r s t o o d  b y  a l l .  P l a n s  o f  e v a c u a t i o n  a n d  
m e t h o a s  o f  r e s p o n s e  s h o u l a  be d e v e l o p e d  t o  e n s u r e  p r o p e r  a c t i o n s  
a r e  t a k e n  i f  a h a z a r d o u s  s i t u a t i o n  occurs .  
H a n d l i n g  a n a  s t o r a g e  o f  l a r g e  a m o u n t s  o f  R-12 c a n  
c r e a t e  a hazara i n  low l y i n g  a r e a s  s u c h  a s  p i t s ,  t r e n c h e s  a n a  
o t h e r  a r e a s  I n  w h i c h  t h e  g a s  c o u l a  a c c u m u l a t e  r e s u l t i n g  i n  a n  
o x y g e n  d e f i c i e n t  a t m o s p h e r e .  I n s t a l l a t i o n  o f  p e r m a n e n t  o x y g e n  
m c n i t c r s  a s  well a s  a v a i l a b l e  p o r t a b l e  o x y g e n  m o n i t o r s  w i l l  
e l i m i n a t e  t h e  p o s s i  b i  1 i t y  o f  s u f f o c a t i o n .  
A r e a s  c a l l e a  ' ' s a f e  h a v e n "  s h o u l a  b e  i n c o r p c r a t e c  i n  t h e  
f a c i l i t y  t o  p r c v i a e  s a f e t y  i f  a l a r g e  l e a k  o f  R-12 s h o u l d  e v e r  
O c c u r .  A " s a t e  h a v e r , "  i s  a r o c m  w h i c h  woulci  be aeemea a s  h k v i n g  
a S a f e  a t m o s p h e r e  (purifies make u p  a i r ) .  S e l f - c o n t a i n e d  
.a b r e a t h i n g  a p p G r a t u s  s h c u l c  b e  o n  h a n a  i n  o r d e r  t c  a l l c w  p e r s c n e l  
t o  e v a c u a t e  f r o m  t h e  c x y g e n  a e f i c i e n t  a r e a  i f  t h e  need a r i s e s .  
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c As i n  any  t y p i c a l  w o r k  e n v h o n m e n t ,  s t r i c t  g u i a l i n e s  on 
L A  
@ 
l o c k  a n d  t a g  p r o c e d u r e s  s h o u l d  b e  f o l l o w e d  when w o r k i n g  on any 
p c w e r  e q u i p m e n t .  
O t h e r  h a z a r a s  i n h e r e n t  i n  t h e  r e c o v e r y  p r o c e s s  i n c l u a e :  
- n o i s e  l e v e l  
- h i g h  ana 1cw t e m p e r a t u r e s  
- r o t a t i n g  m a c h i n e r y  
The o c c u r a n c e  o f  i n j u r t e s  c z u s e d  by t h e  h a z a r a s  a s s c c i a t e c  w i t h  
t h e  r e c o v e r y  p r o c e s s  c a n  be  r e d u c e d  b y  a p p r o p r i a t e  s i g n s  w h i c h  
w a r n  p e o p l e  o f  t h e  n e a r b y  d a n g e r .  
SYSTEM S P E C I F I C A T I O N  
The  f o l l o w i n g  i s  a l i s t  o f  s y s t e m  s p e c i f i c a t i c n s  f o r  
t h e  v a r i o u s  p a r t s  o f  t h e  R-12 p r e s s u r i z a t i o n  ana r e c o v e r y  p r o c e s s  
a s  w e l l  a s  v a r i o u s  a s s u m p t i o n s  made i n  o r d e r  t o  p e r f o r m  t h e  
n e c e s s a r y  c a l c u l a t i o n s .  
W I N D T U N N EL 
Vo lume : 1 E 0 6  c u b i c  f e e t  
M a z s  o f  R-12 i n  t u n n e l  : 2.37 E 0 6  l b s  
T u n n e l  o p e r a t i n g  p r e s s u r e  : 7 a t m o s p h e r e s  
P R I M A R Y  S E P A R A T I U I d  SYSTEM 
R e f r i g e r a t i o n  s y s t e m  : 9,600 t o n s  a t  -80 F 
P r i m a r y  s e p a r e t i c n  t a n k  : b' a i a .  b y  1 b '  ( 2 1 U O  g a l )  
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C a r r i e r  C o m p r e s s o r s  ( 2 )  : 25000 CFM e a c h  
L i q u i d  R i n g  Pumps (5) : 2100  CFM e a c h  
L i q u i d  pump : 180 G P M  
S E C O N D A R Y  SEPARATION SYSTEM 
A d s o r p t i o n  b e d s  (3) : 6 f t  d i a m e t e r  by  27 f t  l o n g  
A d s o r b e n t  p r o c e s s  c o m p r e s s o r  (C3) : 6/1 c o m p r e s s i o n  
r a t i o  
A d s o r b e n t  : A c t i v a t e d  C a r b o n  S o r b o n o r i t  B 
D e n s i t y  - 28  l b s / c u  f t  
P e l l e t  s i z e  - 3.8mm d i a .  
P r e s s u r e  d r o p  - 3" o f  w a t e r / f t  o f  bea 
Assumed b e d  t e m p e r a t u r e  - 32 F 
R e g e n e r a t i o n  m e t h o d  - h o t  a i r  
R e q u i r e d  a m o u n t  - 63,000 l b s  
T o t a l  c o s t  - $87,000 (3 $1.3b/lb 
I n  o r d e r  t o  r e d u c e  t h e  t o t a l  a m c u n t  o f  t i m e  r e q u f r e c  
f o r  a d s o r p t i c n ,  t h e  f l c w  r a t e  t h r c u g h  t h e  a d s c r b e n t  
b e d s  n e e d s  t o  be  i n c r e a s e d .  The i n c r e a s e d  f l o w  r a t e  
w o u l a  r e q u i r e  a a a i t l o n a l  a a s c r b e n t  b e d s  t o  e n s L r e  
c o m p l e t e  p u r i f i c a t i o n  o f  t h e  a i r  ( s e e  g r a p h  3 ) .  
The  assumed b e d  t e m p e r a t u r e  o f  32 F was usea as an 
e x a m p l e .  L o w e r  t e m p e r a t u r e s  a t  t h e  same a d s o r p t i o n  
c a p a c i t y  w o u l c  r e s u l t  i n  l c w e r  v a p c r  p r e s s u r e  o f  R-12, 
t h u s  r e a u c i n g  t h e  amount  o f  r e f r i g e r a n t  e m i t t e a  t o  t h e  
a t m c s p h e r e .  
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.. m S T O R A G E  OF R-12 
S t o r a g e  t a n k  v o l u m e  : 35,000 cu f t  
S t c r a g e  t e m p e r a t u r e  : a m b i e n t  
S t o r a g e  p r e s s u r e  : 7 a t m o s p h e r e s  
' R E Q U I R E D  T I M E  FOR E A C H  P R O C E S S  
R e c o v e r y  p r o c e s s  
- f r o m  7 a t m  t o  0.25 a t m  Q 25,000 CFM 
( s e e  g r a p h  4 page  19) 
- f r o m  0.25 t o  0.04 CJ 10,500 CFM 
( s e e  g r a p h  5 p a g e  2 0 )  
A d s o r p t i o n  p r o c e s s  t i m e  
( l e a v i n g  l e s s  t h a n  1 5 0  l b s  o f  R-12 I n  
t u n n e l  1 
F l o w  r a t e  cf 4200 CFM 
F l o w  r a t e  of 10,500 CFM 
(see g r a p h  1 page  1 1 )  
The i n c r e a s e  o f  flow r a t e  d u r i n g  the a d s o r p t i o n  
p r o c e s s  r e d u c e s  t h e  r e q u i r e d  t i m e  by  a l a r g e  
amount .  See g r a p h  1 p a g e  11. 
T o t a l  r e c o v e r y  t i m e  
- U s i n g  5 l i q u i d  r i n g  pumps i n  
a a s c r p t i c n  p r c c e s s  
- U s i n g  2 l i q u i d  r i n g  pumps i n  
a a s c r p f i c n  p r o c e s s  
133 m i n  
174 m i n  
1500 m i n  
420 m i n  
1 2 . 1  h r s  
31r.O h r s  
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P r e s s u r i  z a t i  o n  t i m e  
- Pump down o f  t u n n e l  
1 a t m  t o  0.25 a t m  @ 50,000 CFM 
( s e e  g r a p h  4 page  1 9 )  
- 0.25 a t m  t o  0.04 a t m  @ 10,500 C F M  
( s e e  g r a p h  5 page  20) 
- P r e s s u r i z a t i o n  o f  t u n n e l  w i t h  R-12 
t o  7 a t m  ( s e e  g r a p h  4 p a g e  1 9 )  
T o t a l  p r e s s u r i z a t i o n  t i m e  
CONCLUSION 
27 m i n  
1 7 4  m i n  
103  m i n  
304 m i n  
The  p r o p c s e d  r e f r i g e r a n t - 1 2  r e c o v e r y  a n d  p r e s s u r i z a t i o n  
s y s t e m  i s  a v e r y  e f f e c t i v e  m e t h o d  i n  R-12 r e c l a i m a t i o n .  Many 
i m p r o v e m e n t s  c a n  b e  made t o  t h e  s y s t e m  w h i c h  w i l l  d e c r e a s e  t h e  
r e c o v e r y  t i m e .  T h e r e  m u s t  be  a g r e a t  d e a l  o f  p r o c e s s  t i m e / c o s t  
a n a l y s i z  d o n e  i n  o r d e r  t o  d e s i g n  t h e  o p t i m u m  s y s t e m .  Many  
a s s u m p t i o n s ,  b a s e d  o n  t e c h n i c a l  k n o w l e c g e ,  w e r e  made i n  c r d e r  t o  
c c m p l e t e  t h i s  p r e l i m i n a r y  d e s i g n .  
The  d e s i g n  g r o u p ,  c o n s i s t i n g  o f  s e n i o r  l e v e l  m e c h a n i c a l  
e n g i n e e e r i n g  s t u d e n t s ,  f o u n d  t h i s  d e s i g n  p r o j e c t  t c  be  a v e r y  
c h a l l e n g i n c  e x p e r i e n c e .  The c c m p l e t i o n  o f  t h e  p r o j e c t  gave  u s  a 
c l o s e  l o o k  a t  t h e  r e a l  w o r l d  o f  e n g i n e e r i n g  a n a  a e s i g n .  V a l u a b l e  
e x p e r i e n c e  g a i n e d  w h i l e  w c r k i n g  CT: t h e  p r c j e c t  w i l l  be a b e n e f i t  
t o  us i n  o u r  f u t u r e  y e a r s  a s  e n g i n e e r s .  a 
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A P P E N D  I X 
A )  PRESSURIZATION P R O C E S S  
I )  CALCULATING T H E  R E Q U I R E D  M A S S  OF R-12 
I I n  o r d e r  t o  h a v e  a p r e s s u r i z e d  w i n d  t u n n e l  w i t h  R-12 
a t  7 a t m  a n a  a t  a t e m p e r a t u r e  o f  1 2 0  d e g r e e  F t h e  r e q u i r e 6  mass 
i s :  
A t  120  a e g r e e  F, p r e s s u r e  o f  7 a t m  = 1 0 3  p s i  
Vo lume = 1.0 E06 c u b i c  f e e t  
S p e c i f i c  v o l u m e  = 0.4412 c u  f t / l b  
Mass = v o l u m e / s p e c i f i c  v o l u m e  
= 2,266,546 I b m  ( 1,028,105 k g  
T h e r e f o r e  t h e  r e q u i r e d  mass i s  2,370,000 l b m  ( 1,075,032 k g  1 ,  
w h i c h  i s  5 %  e x c e s s .  
1 1 )  CALCULATING THE VOLUPlE OF THE L I Q U I D  R-12 
T h e  l i q u i d  R-12 i s  s t o r e d  a t  7 a t m  and  a t e m p e r a t u r e  o f  
80  a e s r e e s  F ( a m b i e n t  t e m p e r a t u r e ) .  The a m c u n t  o f  l i q u l a  R-12 
n e e d e a  t c  b e  v a p c r i z e d  i s :  
S p e c i f i c  v o l u m e  i s  0 . 0 1 2 2 7 7  cu f t / l b  
T h e r e f o r e  t h e  v o l u m e  w i l l  be  
Vc lume = (2,3/0,00U l b ) ( U . 0 1 2 2 7 7  c u  f t / l b )  
= 2 9 , 0 9 7  cu. f t  ( 8 2 4  c u  m e t e r )  
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I n  t h i s  d e s i g n  t h e  proposed c o n t a i n e r  w i l l  be a c’\ - --e s p h e r i c a l  shape  c o n t a i n e r .  T h i s  i s  because  t h e  s p h e r i c a l  shape i s  
c a p a b l e  o f  h o l d i n g  h i g h e r  s t r e s s  a t  a n y  s e c t i o n  ccmpared t o  o t h e r  
shapes .  T h e  d i a m e t e r  will  be 38 f t  ( 11.5 meter  1. 
In  t h i s  a e s i g n  i t  i s  i m p o s s i b l e  t o  v a p o r i z e  a l l  l i q u i d  
R-12 f rom t h e  c o n t a i n e r  o t h e r w i s e  vacuum c o n d i t i o n s  w o u l d  e x i s t  
i n  t h e  m a i n  s t o r a g e  a n d  t h e  condenser  i s  n c t  c a b a p l e  o f  p r o d u c i n g  
vacuum. I t  i s  sugges t ed  t h a t  a b o u t  2 0 %  of e x t r a  mass o f  R-12 
s h o u l d  be s t o r e d  i n  t h e  m a i n  s t o r a g e .  T h u s ,  t h e  volume w i l l  be 
3 5 , 0 0 0  cu.  f t  ( 991 cu. m ) w i t h  d i a m e t e r  40 f t  ( 12.5 m 1. 
111) C A L C U L A T I N G  H E A T I N G  R E Q U I R E M E N T  F O R  Y A P O R I Z A T I O N  
To ma in ta in  R-12 i n  f o r m  o f  g a s e s  i n  w i n d  t u n n e l ,  t h e  
t e m p e r a t u r e  I n s i d e  must be m a i n t a i n e d  a t  a b o u t  100 F .  Due t c  h e a t  
l o s s  when i n j e c t i n g  t h e  R-12 gases  i n t o  t h e  t u n n e l ,  s i n c e  t h e  
f i l l i n g  p r c c e s s  t a k e s  a lcng t i m e  b e f o r e  t h e  t u n n e l  can be 
c o m p l e t e l y  v a p o r i z e d ,  h i g h e r  t e m p e r a t u r e  s h o u l d  b e  s e l e c t e d .  I n  
-’.
t h i s  d e s i g n  t h e  t e m p e r a t u r e  i s  t o  b e  ma in ta ined  a t  120F. 
C a l c u l a t i n g  h e a t i n g  requi rement  t o  v a p o r i z e  l i q u i d  R-12: 
Q = m ( h l - h 2 )  
where  Q i s  t h e  t o t a l  h e a t  t o  v a p o r i z e  2,370,OUO l b  
( 1,075,032 k g  ) of l i q u i a  R-12 
m = mass c f  l i q u i a  R-12 
h 2  = e n t h a l p y  o f  l i q u i d  R-12 
= 26.365 B t u / l b  
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h l  = e n t h a l p y  o f  R-12 g a s e s  b e f o r e  e n t e r i n g  t h e  
com p r e  s s o r 
= 76.85 B t u / l b  
P 2  = The p r e s s u r e  o f  l i q u i d  R-12 
= 7 a t m  
P 1  = t h e  p r e s s u r e  o f  R-12 g a s e s  b e f o r e  e n t e r i n g  t h e  
c o m p r e s s o r  
P 1  = 1 a t m  
T h e r e f c r e  t h e  t o t z l  h e a t i n g  r e q u i r e m e n t  i s :  
' Q  = 2,370,000 l b  ( 76.85 - 26.365 B t u / l b )  
= 1 2 0  E 0 6  B t u  or ( 1 2 6  E 0 6  K J  ) 
6 )  RECOVERY PROCESS 
C a l c u l a t i n g  t h e  t c t a l  p c w e r  r e q u i r e d  t o  condense  
1 E06 c u b i c  f e e t  o f  gas  R-12. 
F r c m  h e a t  e x c h a n g e r  2, a s s u m i n g  t h a t  t h e  e f f i c i e n c y  i s  1 0 0 %  : 
Q = m ( h l  - h2 
w h e r e  
m = The t c r a l  m a s s  o f  g a s s  R-12 
T 1  = The  i n l e t  t e m p e r a t u r e  a t  h o t  s i a e  
T2 = The c u t l e t  t e m p e r a t u r e  a t  h o t  s i d e  
h l  = The e n t h a l p y  a t  t h e  i n l e t  t e m p e r a t u r e  
h2 = The e n t h a l p y  a t  t h e  o u t l e t  t e m p e r a t u r e  
. 
k n o w i n g  t h a t  0 
T1 = 12U F ( 321.9 K ) 
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T2  = -80 F ( 210.8 K ) 
P = 1 0 3  P s i  ( 710 kPa 
u s i n g  ( P - H  d i a g r a m  f o r  R-12 
h l  = 9 5  B t u / l b  ( 2 2 1  K J / k g  
h2  = -9  B t u / l b  ( - 2 1  K J / k g  
s i n c e  
' Q = m ( h l - h 2 )  
Q = ( 1,075,032 k g  ( 2 2 1  + 2 1  K J / k g  ) 
Q = 2.60157 E08 KJ o r  ( 2 .46654 E08 B t u  ) 
Power  r e q u i r e d  
P = Q / t  
w h e r e  
t = Is t h e  t i m e  d u r i n g  maximum f l o w  r a t e s  ( w o r s t  c a s e )  
I .  -. = 1 3 3  m i n  ( 7980 sec  
t h u s  
P = 2.60157 EO& KJ / 7980 s e c  
= 32 KW o r  ( 9600 Tons ) 
C )  CALCULATING FOR S E C O N D A R Y  S E P E R A T O R  
R e c o m m e n d a t i o n s  on t h e  t y p e  o f  a c t i v a t e d  c a r b o n  w h i c h  
w c u l a  e f f i c i e n t l y  a a s c r b  R - 1 2  w a s  c b t a i n e a  b y  c c n t a c t i n g  v a r i o u s  
c a r b o n  m a n u f a c t u r e r s .  The g e n e r a l  i n f o r m a t i o n  o b t a i n e d  i n c l u d e s :  
- P r e s s u r e  a r c p  i s  0 .11  p s i / f t  o t  bea  a e p t h  
- The u s u a l  d i a m e t e r  fo r  t h e  b e d  i s  6 f t  
- F o r  e a c h  Z U  11, c f  R-12,  1 0 0  I b  of a c t i v a t e o  c a r b o n  
c h a r c o a l  i s  neeaea 
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- F o r  b e s t  r e s u l t s  o f  t h e  a d s o r p t i o n  p r o c e s s  t h e  f l o w  
t h r o u g h  t h e  beds  s h o u l d  b e  50 f t / m i n  
A t  p r e s s u r e  c f  0.04 a t m  ana t e m p e r a t u r e  o f  1 2 0  d e g r e e  F 
t h e  amoun t  o f  R-12 l e f t  i n s i d e  t h e  t u n n e l  i s ;  
Mass  = v o l u m e  / s p e c i f i c  v o l u m e  
Vo lume = 1.0 E 0 6  c u . f t  
S p e c i f i c  v o l u m e  = 87.16 c u m  f t / l b  
Mass = ( 1.0 E06 c u m  f t  ) /  ( 87.16 cu. f t / l b  1 
= 11 ,480 l b  
F o r  b e s t  r e s u l t ,  t h e  mass l e f t  i s  assumea t o  12,000 l b  . 
T h e r e f o r e  60,000 l b  o f  a c t i v a t e d  c a r b o n  c h a r c o a l  i s  needed t o  
a d s o r b  12 ,000 l b  o f  R-12 
The  d e n s i t y  o f  c h a r c o a l  i s  2 8  l b / c u .  f t  
The  v o l u m e  o f  t h e  a d s o r p t i o n  b e d s  i s :  
Vo lume = m a s s / a e n s i t y  
i, -e 
= ( 60,000 l b  I / (  2 8  l b / c u .  f t  
= 2,143 c u . f t  o f  c h a r c c a l  
I n  t h i s  d e s i g n  t h e  amount  o f  t h e  R-12 t o  be  a d s o r b e d  i s  
m a x i m i z e d  by  h a v i n g  l a r g e r  vo lume c f  t h e  a a s c r b e n t  beas.  
t h e  c h o s e n  v a l u e  i n  t h e  a n a l y s i s  i s  2,250 c u m  f t  ( 5 %  more t h a n  
n e e d e c  ) .  The s h a p e  c f  t h e  beas  w i l l  be  c y l i n a r i c a l .  
Volume = ( 3 .142 /4  ( L ) (  D * * 2 )  
- where  
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L I s  t h e  t o t a l  h e i g h t  o f  t h e  c y l i n d e r  
D i s  t h e  d i a m e t e r  of  t h e  c y l i n d e r  which i s  6 f t  
K n o w i n g  
Volume = 2 , 2 5 0  cu. f t  
T h e r e f o r e  t h e  t o t a l  l e n g t h  i s :  
L = 80 f t  
T h i s  t o t a l  l e n g t h  w i l l  be u s e d  t o  f i n d  how many beds 
a r e  needed.  The number of beds i s  t o  be minimized t o  reduce t h e  
c o s t  wh i l e  t h e  f l o w  which passes  t h r o u g h  t h e  beds i s  a p p r o p r i a t e  
w i t h  t h e  f l o w  r a t e  o f  t h e  l i q u i d  r i n g  p u m p .  
C a l c u l a t e  number o f  beds needed: 
The c r o s s  s e c t i o n a l  a r e a  o f  6 f t  d i a m e t e r  o f  c y l l n d e r  
i s  28 ft squa re .  
Q = ( N )  ( V I  ( A )  
Where 
Q i s  t h e  f l o w  r a t e  o f  R - 1 2  m i x t u r e  
N i s  t h e  number o t  t h e  l i q u i d  r i n g  pumps t o  be used 
v i s  t h e  v e l c c i t y  cf t h e  mix tu re  which i s  50 f t / m i n  
A i s  t h e  a r e a  o f  t h e  a d s o r b e n t  bed Which i s  28 s q . f t  
The f l o w  r a t e  w i l l  be 
Q = ( 1,400 ) ( N cu. f t / m i n  
By u s i n g  t h r e e  beds 
Q = 4 , 2 b U  c u .  f t / m i n  
The m i x t u r e  w i l l  be pumped u s i n g  l i q u i d  r i n g  pump w i f h  a c a p a c i t y  
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o f  2,100 cu. f t / m i n ;  T h e r e f c r e ,  t w o  pumps w i l l  b e  used.  
By u s i n g  t h r e e  beds ,  t h e  h e i g h t  o f  e a c h  a d s o r b e n t  b e d  i s :  
L = ( 80 f t  I / (  3 
= 27 f t  
D )  CALCULATING T H E  P R E S S U R E  R A T I O  OF C O M P R E S S O R  C3 
T h e  p r e s s u r e  d r o p  f o r  t h e  f l c w  o f  t h e  m i x t u r e  t h r o u g h  
t h e  a d s o r b e n t  b e d  i s  0 .11 p s i / f t  o f  t h e  b e d  d e p t h .  T h e r e f c r e  f o r  
27  f t  d e p t h  t h e  p r e s s u r e  d r o p  i s  3 p s i .  
The c o m p r e s s o r  C3 i s  u s e d  t o  c o m p r e s s  t h e  m i x t u r e  t h a t  
f l o w s  f r o m  t h e  p r i m a r y  s e p r a t o r  t o  t h e  s e c o n d a r y  s e p a r a t o r .  I n  
o r d e r  t o  h a v e  t h e  a i r  p r e s s u r e  a t  1 0  c o m i n g  a t  1 a t m  
( 1 4 . 7  p s i ) ,  t h e  c o m p r e s s o r  C3 has  t o  have  a p r e s s u r e  r a t i o  o f  
1:6. The a v e r a g e  p r e s s u r e  a t  4 f s  3 p s i  u s i n g  pump 1. 
' e  
E )  CALCULATING T I M E  OF BLOW DOWN THE TUNNEL 
The i n i t i a l  p r e s s u r e  i n s i d e  t h e  t u n n e l  i s  7 a t m  
( 1 0 3  p s i  o r  710 K P a  ) ,  t h e  t e m p e r a t u r e  i s  1 2 0  d e g r e e  F 
( 49 a e g r e e  C c r  322 K e l v i n  1. The v o l u m e  c f  t h e  t u n n e l  i s  
1.0 E 0 6  cu. i t  ( 28,312 cu. m 1. 
D e f i n i n g  v a r i a b l e s :  
mo i s  t h e  mass f l o w  r a t e  o f  t h e  R-12 l e a v i n g  t h e  
t u n n e l  . 
I4 i s  t h e  mass o t  t h e  R-12  i n s i d e  t h e  t u n n e l  
- 3 2  - 
N 
Q 
P f  
P i  
t f  
t o  
i s  t h e  v o l u m e  o f  t h e  t u n n e l  
i s  t h e  R-12 gas c o n s t a n t  
i s  t h e  t e m p e r a t u r e  o f  t h e  R-12. The t e m p e r a t u r e  i s  
assumed t o  be c o n s t a n t  
I s  t h e  number  o f  c o m p r e s s o r s  or  p u m p s  b e i n g  u s e d  
i s  t h e  c a p a c i t y  o f  c o m p r e s s o r  o r  pump. F o r  C a r r i e r  
c o m p r e s s o r ,  t h e  c a p a c i t y  i s  25,000 CFM and  2,100 CFI.1 
f o r  l i q u i d  r i n g  pump. 
i s  t h e  f i n a l  p r e s s u r e  
i s  t h e  i n i t i a l  p r e s s u r e  w h i c h  i s  7 a t m  
i s  t h e  f i n a l  t i m e  
i s  t h e  I n i t i a l  t i m e  w h i c h  i s  z e r o  m i n  
S i n c e  
' -.. 
A s s u m i n g  i d e a l  c a s e  
M = ( P ) ( V ) / ( R ) ( T )  
T h u s  
( V ) ( a P ) / ( a T )  = ( N ) ( Q ) ( P )  
S e p e r a t i n g  v a r i a b l e s  and  i n t e g r a t i n g  g i v e s  
I n  ( P f ) / ( P i )  + L ( U ) ( N ) / ( V ) j  L t f  - t c j  = 0 
T h e r e f o r e ;  t h e  t i m e  t o  b l o w  down t h e  t u n n e l  i s :  
t = I n  ( P f ) / ( P i )  C - ( v ) / ( ( l ) ( t j )  1 
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F )  C A L C U L A T I N G  M A S S  OF R-12 I N  T H E  T U N N E L  W I T H  R E S P E C T  TO T I M E  C? 
I n  o r d e r  t o  f i n d  t h e  r a t e  o f  c h a n g e  i n  mass o f  R-12 i n  
t h e  t u n n e l  a c c n t r o l  v o l u m e  was p l a c e d  a t  t h e  t a n k  w a l l s .  D u r i n g  
p r o c e s s ,  t h e  p r e s s u r e  i s  assumed t o  b e  c o n s t a n t  a t  0.1 atm. The 
f c l l o w i n g  O i a g r a m  shcws t h e  v a r i a b l e s  w h i c h  w e r e  u s e d  t o  d e r i v e  
t h e  e q u a t i o n .  
Q1, m l a  
M f ,  Ma, P f ,  Pa 
4 2 ,  m2a, m2f  
\ 
: -- 
V a r i a b l e  d e f  i n 1  t i o n :  
Q 1  - v o l u m e t r i c  f l c w  r a t e  i n t o  t h e  t u n n e l  
m l a  - mass o f  a i r  e n t e r i n g  t h e  t u n n e l  
f 4 f  - mass o f  R-12 i n  t l r n n e l  
M a  - mass o f  a i r  i n  t u n n e l  
M f o  - i n i t i a l  mass o f  R - 1 2  i n  t u n n e l  
P f o  - i n i t i a l  p r e s u r e  i n  t u n n e l  
P f  - p a r t i a l  p r e s s u r e  o f  R-12 i n  t u n n e l  
P a  - p a r t i a l  p r e s s u r e  a i r  i n  t u n n e l  
P - t o t a l  p r e c s u r e  i n  t u n n e l  ( P f  + P a )  
Q2 - v o l u m e t r i c  f l o w  r a t e  o u t  o f  t u n n e l  (same as  Q1) 
m 2 a  - m a s s  f l c w  c t  a i r  ' l e a v i r ? g  t h e  f u n n e l  
m2f  - mass f l o w  o f  R-12 l e a v i n g  t h e  t u n n e l  e 
V - v c l u m e  c f  t u n n e l  
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c R f  - gas  c o n z t a n t  f o r  R-12 
Ra - g a s  c o n s t a n t  f o r  a i r  
.- e 
T - t e m p e r a t u r e  o f  a i r  i n  t u n n e l  
d e n s 1  - d e n s i t y  o f  R-12 
d e n s 2  - d e n s i t y  o f  a i r  
A p p l y i n g  mass b a l a n c e  o f  R-12 a t  c o n t r o l  v o l u m e :  
d M f / d t  = ( m l f  - m 2 f )  
S i n c e  t h e r e  i s  no R-12 e n t e r i n g  t h e  t u n n e l ,  m l f  = 0 
T h e r e f  o r e ,  
dClf / d t  = -m2f 
S i n c e ,  
_-  > 
: .a m2f = ( Q Z ) ( a e n s l )  
Assuming  R-12 i s  an i d e a l  gas, f r o m  t h e  I d e a l  gas l a w ,  
S u b s t i t u t i n g ,  
A p p l y i n g  mass b a l a n c e  o f  a i r  a t  c o n t r o l  v o l u m e :  
ab1a/at = m l a  - m 2 a  
O r  i n  t e r m s  o f  v o l u m e t r i c  f l o w  r a t e  ana d e n s i t y ,  
a f . l a / a t  = ( Q l ) ( P ) / ( R a ) ( T )  - ( Q Z ) ( P a ) / ( R a ) ( T )  
S i n c e ,  
Q1 = Q;! 
Then,  a 
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S u b s t i t u t i n g ,  (-7 '-* Ma = ( P a ) ( V ) / ( R a ) ( T )  a n d  ( P  - P a )  = P f  
The e q u a t i o n  becomes, 
( d / d t )  ( P a )  ( V I /  (Ra)  ( T I  = ( P f )  (Q)/ ( R a )  ( T I  
a i  f f e r e n t i  a t i  ng, 
S u b s t i t u t i n g ,  
(P - P f )  i n  f o r  ( P a )  
Then,  
S i n c e  d P / d t  0, 
Then,  
, -e 
S e p a r a t i n g  v a r i b l e s  and I n t e r g r a t i n g ,  
From i d e a l  gas  l a w ,  P V  = mRT ana s i n c e  t h e  v o l u m e ,  gas c o n s t a n t  
ana  t h e  t e m p e r a t u r e  a r e  assumed t c  be  c o n s t a n t ,  t h e n ;  
P f / P f o  = M f / M f o  
T h e r e f o r e ,  
The v a l u e  c f  l ) / V  i s  known a s  t h e  r e c i p r o c a l  c f  t h e  s y s t e m ' s  t i m e  
c c n s t a n t .  T h i s  v a l u e  c l e a r l y  r e v e a l s  t h e  i m p o r t a n c e  o f  a h i g h  
f l o w  r a t e  w h i c h  aepenas  on t h e  c o n f i g u r a t i o n  o f  t h e  pumping  
s y s t e n .  
T I H E  C U H S T A N T  = V / Q  = ( 1 U E O b  c u  f t ) / 4 2 0 0  C F H  = 2 4 0  m i n  
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- \  NORlT. .  -. 
AmErican Norit Company. Inc. 
(- ,I 
~ I -1, Activated Carbon 420 AGMAC AVENUE Jacksonville. Fi. 32205 . 
PRODUCT INFORMATION 
Bulletin No. 206 
Revised 11-87. . 
.. SORBONORIT B GRANULAR ACTIVATED CARBON 
The SORBONORIT grades of NORIT Activated Carbon are designed especially for 
recovery of solvent vapors from air. They are characterized by a highly 
developed pore structure, good resistance to abrasion, uniform particle 
structure, and low resistance t o  air flow. 
This carbon is available in various pellet sizes to meet specific requirements. 
Listed below are typical property data: 
SORBONORIT 
B3 B4 - B2 - *'e Bulk density, - g/ml . .460 .4 0 .430 - Ibs./cu.ft. 28.7 - 26.8 2 26.8 2 
Moisture, 7. as packed 
-2 6 6 6 
Hardness (ASTH) 99 99 99 
Surface area (N2-WT), m2/g 1100-1200 1100-1200 1100-1200 
Ash,  7. 
450 
0.42 0.42 0.42 
0.42 0.42 0.42 
2.9 3 . 8  
Ignition temp. (ASTM) ,.C 450 450 
Pore s i z e  distribution, ml/g: - micropores (less than 1 nm) - transitional (1-100 nm) - macropores (greater than LOO nm) 
0.09 0.09 0 .09  . 
Pellet diameter, am 2.0 
Packaging 
U.l lb. net multiwall paper bags, - bags palletized in unitloads concsining 40 
bags each. Net pallet weight is 1764 Lbs. Orders Less than unitloaa are 
supplied In bags plus shipping cartons without palletizing. 
, 
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' N P I C A L  PRESSURE DROP FOR SORBONORIT B 
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(e--- TECHNICAL NOTE 
- Sefrigerant Freon-12 
qua~ons 
By H. ASadafi' 
The basic equations fw th.e t h o d y n a m i c  behaviour of 
mmoniy used nfngerant Feon-12, apmsed in SIunifs, are 
presented in this mfe for the use of engineers in the designing of 
qfngeration equt'pment. These fundamental fornuhe are 
intended for computer based modelling and sysfem simulation 
of refngera tian ntuchinety. 
In t d u c t  ion data in SI units, are based on the 
equations with Imperial unit constants 
established by Downing.' Pressure-volume-tempmm. density, hear caoacitv. enthalpy and enmpy 
properriis of RE ire re&& below. . This additionai information m y  be of 
assistance in heat transfer calculation The derived relations, which generate 
ana cumr-xererrmnauon u r  
refrigeration processes. 
Saturation properties 
equatfons ' *  
The thennophysical properties of Ru 
in simplified form. These re lat iO&ps 
are suitable for the t empture  range 
-1OOOC to 100OC; the constants for 
equations are given in ' W e  1. c' 
Downingisthereferencesoutceford 
the equations in this &on 
(&P,G.h&d 
Note - Additional equations , 
To increase the speed of compuration, 
additionai equatios for the refrigerant 
properties have been developed by the 
author' using regression methods and 
havebeeavalidatedbycomparisonwith 
ASHRAEpublisheddatk' I --La.: ,: 
Vapovr sp#i?s wiunrc. A pmer arm 
for speaiic volume of the vapour in 
terms of absolute saNIiltion tempera- 
ture har been fitted and plotted in 
formulated by R. C. Downing'= 
.- . 
Figure 1. ' . .. - 
Liquid density . ... I .  .. ...'. 
4 = A +BT' +C(T')" + D(T')"=' + E(T')2 
ford, in kg/mJ and 'I: satuxation temperature, in kelvin (273.166 + "0. 
Vapour pressure 
logP = A + - + Clog T + DT 
forPinkPaand TinK. .. . - .  ,.*-;.-L 
Equation of state . ..t 
Pa-+ AT B + CT + D(Exp.1 + E + FT + G(Exp.1 + H + IT + I(Exp.1 
v WP fl? (V WP ! . I.'.. 
i I : .* . . t 8 
. '::- .&.<' : . ..-. ..- 
',, ., *:-. .,: where T a 385.166 - T 
,': . 
_. _. 7 : .  .  
... * 1. . :!A! 
-y;*..2:.r 
.. * ... .. . 
. ,:, . ?: - -. .. L: - ... , .. ... T 
. -. .. 
..-  
where V' a V-4.063 661 115 21 E x 10*andExp. = e t ' . U 1 ~ ~ r . l ~ J n f o r P i n k P a .  VinmJ/kgandTinK." . .  
. ... * -  Heat capacity of vapour at 
constant volume 




..  where V and Exp. are as defied above for C, in kJkgK. V in m J k g  and Tin K. 
Latent heat of vaporisation 
h, = 
ORIGINAL PAGE IS 
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1' R12 
"""t r r r n  
b a t  R12 
kPa 
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perature range presswe is - 
e constants for T = a + bP + CP f (1p + eP +e 
+ gP + hP 
for T i n K a n d P 5 k P a .  
The c w e s  iined !or these two poly- 
nomiai correiatlons arc snown in Figure 
2 and Figure 3. 
la I i n n .  
ision for saturation tem- 
a functmn oi saturation 







T h e  liquid ring vacuum pump is a 
. nonpulsating pump that removes 
_. gases by means of rotating impeller ci- ' ' \ades which enter and leave a ring 
iquid, usually water, but can be a 
of other sealants such as oil 
or toluene. 
When the pump is operating, the 
sealing liquid is thrown to the peri- 
phery of the casing where it forms a 
moving ring of liquid around a cen- 
ter void. The  impeller shaft is 
mounted above the center line of the 
casing so that the blades rotate con- 
centrically but are located eccentri- 
callv with respect to the casing and 
the ring of liquid. The  axial suction 
and discharge ports of the pump are 
exposed to the void but are sepa- 
rated from each other bv the 
impeller blades and the ring of 
liquid. 
As the process fluid (gas or vapor) 
is drawn into the pump throuqh [he 
suction port. it liecomes trapped 
i\.rthiri the space f'ormed by the 
impeller Oladcs and the liquid riiiq. 
D u r i n ~  rotation. the i)ladcs entcr 
decper into the liquid ring. and the 
- -apped space liecomes progres- 
-- e ~ v  smaller. compressing t~ i e  ;as 
and cxliaustins it as it passes the (lis- 
charsc port. Tlie liquid ririq acts ;AS 
1 liquid piston. ;~ccornpl i sh i~ i~  rhe 
entire pumpirig operation without 
vanes. valves. pistons. or any other 
metal-to-metal contact. 
- __- i 
Pump at Rest Pump in Operation 
-. ' p  
2 a" c. 
I 
c 
- .  
KlNNEY VACUUM 
A U N I T  O C  q E N C * A L  S I G N A L  
LIQUID RING VACIIUH PUHPS 




SXXIES RLRC & = EFFECTIVE : 
. - FEBRUARY 1, 1986 
Motor 
MODEL 
KLRC- 25 1 3 
KLRC- 40 1 5 
KLi7C- 100 1 7 +  
YLRC- 75 5 
KLRC- 125 1 10 
YLRC- 200 I 15 
KLilC- 300 25  
KLXC- 525  I 50 
KLilC- 526  1 40 
KLXC- 775 I 75 
KLXC- 776 I 50 
KLZC- 950 I L O O  










1 ,115  
1 , 4 3 5  
1,630 
2 , 2 2 5  




7 ,600  











1 ,285  





6 ,715  
6 , 3 7 5  
11,500 




KLXC-I500 I 150 1 ALL PQ: 
C -
Comp 1 e t  e 
Pump A s s ' y  
( A s  In 
Col.  B )  
Less 
Motor 
$ 1 ,000  
1 , 1 3 5  
1 , 4 3 5  
1 , 5 2 5  
2 ,035  
2 ,250  
2 ,800  
3 ,225  
5 ,680  
5 , 525 
9 ,715  
9 , 610 
10,900 







S e l l - P r i c e  
If Sold 
















Pump A s s ' y  
(As In 





























S 2 ,195  
2 ,340  
2 ,825  
2 ,930  
3 ,690  
3 ,925  
4 ,830  
5 , 6 6 5  
9 , 4 6 5  
8 , 900 
15 ,510  
14 ,640  
17 ,335  
15 ,830  
ES ON REOUEST 
?LXC-L501 I LOO 1 
KLXC-3100 I 200 1 
XLXC-2101 I 125 I 
,I I1  n II 
n I1 n n 
n I1 n n 
Add f o r  BOTES : 
I n l e t  c R e q u i r e s  motor w i t h  1.15 service f a c t o r .  
** For sus ta ined  o p e r a t i o n  below 200 torr, a 
ODP motors have  1.15 service f a c t o r .  
Mech . 
130 I 545 I 140 I 185 I - 
KLX - 451 480 I 100 I 95 
PYX - 851 480 I 100 1 12 5 
'KLZ - 7001 1,060 I 430 570 
K X  -10501 1 , 5 5 5  1 590 I 080 I 
KLZ -7,0001 PI i ICSS  ON RECUEST 1 
YL?- 26001 
KL,? -?OOll 
.e- r,,? - 7011 1,060 1 430 570 
K i ? .  - L O 5 1 1  1 , 5 5 5  I 590 I 080 1 
,I I, 11 
I1 I, I S  
motor w i t h  a 1.15 s e n i c e  f a c t o r  may be  re- 




3 .  
4.  
5 .  
6. 
7. 
When o r d e r i n g ,  e x a c t  ope ra t ing  v o l t a g e  
must b e  s p e c i f i e d .  
S t a n d a r d  motors through 50 HP are 
3/60/230-460; 60 HP and over  are s i n g l e  
voltage (3/60/460 I .  No a d d i t i o n a l  
c h a r g e  f o r  200 or 575 v o l t  motors. 
C o n s u l t  f a c t o r y  f o r  o t h e r  vo l t ages .  
Motor b r a n d  is s e l e c t e d  by Kinney. 
Cus tomer - spec i f i ed  brand is a d d i t i o n a l .  
I f  cus tomer  f u r n i s h e s  motor f o r  Kinney 
to m o u n t ,  c o n s u l t  f a c t o r 1  f o r  a d d i t i o n a l  
c h a r g e .  
C o n s u l t  f a c t o r y  f o r  p r i c e s  on s t a i n l e s s  
s teel  and b ronze  c o n s t r x c t i o n  and f o r  
pumps f i t t e d  wi th  s t a i n l e s s  steel 
i m p e l l e r s .  i 
For v - b e l t  d r i v e n  u n i t s ,  motor p r ices  
i n c l u d e  motor  r a i l s .  
S e p a r a t o r  t a n k  is f a b r i c a t e d  from mi ld  
s teel .  C o n s u l t  f a c r o q  f o r  p r i c e s  for 
p r o t e c t i v e  c o a t i n g s  such as g a l v a n i z i n g ,  
t e f l o n ,  etc. 
S t a n d a r d  mechanrcal  s h a f t  seals are 
s u i t a b l e  when s e a l a n t  has p r o F e r t i e s  
s i m i l a r  t o  water, l i g h t  o i l ,  q lyco l  
s o l u t i o n s ,  e t c .  For s h a f t  sea l s  for o t h e r  
t y p e  s e a l a n t s  , c o n s u l t  f a c - - y  "- I .  
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Vapor Handling Capacity 
T h e  liquid ring vacuum pump 
has a decided advantage in vacuum 
ystems that liberate condensable 
por or slugs of liquid. T h e  pump 
oduces a vacuum by hurling a 
liquid. usually water. When \.apors 
entrained in the gas flow contact this 
liquid, some condensing action takes 
piace. Thus the liquid functions as a 
direct contact condenser increasing 
the pumping speed for vapor without 
appreciablv impairing the pumping 
speed for air. This characteristic 
offers functional, as well as eco- 
nomic. advantages over oil-sealed 
pumps which mav have to depend 
on water-cooled condensers or 
refrigerated traps to maintain their 
operating efficiency. With the liquid 
ring pump. it is frequently possible 
to eliminate expensive supplrmen- 




Insensitivity to contamination 
The  pumping mechanism of the 
liquid ring vacuum pump is insensi- 
tive to contamination by liquids and 
vapors if they are compatible with 
the sealing fluid. Liquid slugs do  no 
mechanical harm. Some corrosion 
resistance can be achieved by selec- 
tion of sealing fluid, temperature 
control, pH control, and sometimes 
by dilution. Where additional resist- 
ance to corrosion is required. 
pumps are available with special 
materials of construction and 
protective coatings. 
Economy 
First cost and operating cost are 
low in relation to other types of 
vacuum devices. Economical instal- 
lation and maintenance costs com- 
bine to make liquid ring pumps the 
first choice in rnanv vacuum 
applications. 
ORIGINAL PAGE IS 
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Ease of Installation and 
Maintenance 
Kinney liquid ring vacuum 
pumps are quiet. nonpulsating, 
and relatively vibration free, mak- 
ing them simple and inexpensive to 
install. Special foundations are gen- 
erallv not required. There are no 
rubbing surfaces to wear, so mainte- 
nance is minimal. Pumps are avail- 
abie in a selection of materials and 
can use a wide range of sealant liq- 4 
uids. thus providing a relative coler- 
ance for corrosiws which may enter 
the pump from the process stream. 
Single-Stage and Two-Stage Pumps 
Single-suge units, indicated by 
the model prefix ‘KLR: provide 
efficient. economical service in the 
pressure range from atmosphere to 
(approximately 1 3  torr. Two-stage 
(compound) pumps designated 
“KLRC“, have a lower pressure.capa- 
bility, producing absolute pressures 
down to 30 tom using water as a 
sealant and subsmntiallv lower with 
low vapor pressure fluids. 
Optional Sealing FIuids 
A distinctive feature of the liquid 
ring vacuum pump is its ability to 
use fluids other than water as a seal- 
ant. This permits selection of a fluid 
which has a loiver mpor pressure or 
is compatible with process p e s  
and. in the case oI\-acuum distilla- 
tion. the distillare itself can fre- 
quently be used as a sealant. 
Combinations to Extend 
Service Range 
Liquid riny vacuum pumps may 
be “staged‘ in combinaiun with 
lobe-tvpe Sioi\eE. j ir  ejectors. xid 
steam ejectors to cxtend the r)per- 
x i n p  presure r z n x  (loivnlvarci or 
arnpiiii. the nurr3;nq speed. These 
cumtinations are zrscribed in ;1 
separate brocnu:e. 
Adaptabi iitv 
adaptabie :o J i ;vju ranee f ) t  indus- 
triai !irocc.st.: i:r:crlilcd :in [ J ~ S ‘  
I o t  this i irocEzz. ; t , i i t x t  -:our.. 
w x c s t  Linnet. .::e: triticc !o drtcr- 
milie riir >uit~si;;:-~ o i  l i u u i t i  i-irlr: 
pu~nris tor ‘.‘our -:rrl( o r  
.ippi i c ; ~ t i u n .  
Liuuid r inr  m c x m  pumps are 
- 
Factors Determining Type and Size 
of Pump Required 
. .  The following factors should be 
. c Fidered in selecting the proper 
-/ 
t@:uY:ci Operating Pressure 
This determines whether a 
Kinnev single-stage pump or  a 
compound pump is required. 
The practical lower pressure limit 
for single-stage pumps is 150 torr. 
Below chis pressure, compound 
pumps should be considered. 
When compound pumps are not 
large enough. or the inlet pres- 
sure is beyond the range of liquid 
ring pumps. staging with boost- 
ers. air ejectors. o r  steam ejectors 
should be considered. 
The chart below illustrates the oper- 
ating pressure ranges for the mosc 
commonly used pumps and  systems. 
I 
' -' 0 
0 
I 001 01 
aoos I GO5 I 
2. Operating Altitude 
The pumping capacities shown 
in this brochure, when stated in 
inches of vacuum. are based on 
operation at sea lesel. When oper- 
ating at higher altitudes, pump- 
ing capacity in inches of vacuum 
will be limited by the existing 
barometric pressure. 
pressure to the final desired 
pressure. 
4. Volume of the System to 
be evacuated. 
5. Gas Load in terms of condensable 
and permanent-type gases that 
will evolve from the process and 
leak into the vessel. Cas load 
includes either that of deliberate 
nature or that existing as a result 
of the vessel not being vacuum 
tight. 
3. Pumpdown Time from the initial 
6. Vacuum Mahifold and its effect 
on reducing pump speed 3s 
related to length. diameter. con- 
figuration. entrance. and fittings. 
a. Utilization of existing 
b. Process recoveen. (noncontami- 
c. .4llowable noise level. 
d. First cost. 
e. Operating cost as determined 
a 
7. Economic Priorities such as: 
equipment. 
nation of air and water). 
bv: 
1) Pump selection. 
2) Manpotver (installation. 
opemion. and service). 
3) Ducy qcle (hoursiday. 
d a w  week. iceeksivear ). 
4) Co'st of electricity and water 
(sedinq andor  cooling). 
3) Payback period. 
- 
A .  
1 1 
3 
I 1  
O? 1 : I  
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Early in the planning of a liquid 
ring vacuum pump installation. the 
design of the sealant system and its 
"fect on the performance of the 
mp should be considered. There 
several elements of pump sizing 
'' 
01 and selection. as well as system 
dcsign, that will be affected by the 
choice of the sealant system. 
Of the seven basic factors s h o w  
on the facing page. which help to 
determine the type and size of 
pump required, setreral are  affected 
by the selection of  a sealant system. 
Operating pressure is affected by 
seslant temperature, which in turn 
is affected by flow rate. specific 
heat. density, and  viscosity. 
Gas load mav influence the seiec- 
tion of the sealant and the sealant 
circulating svstem. 
Economic and other priorities may 
indicate a system where process 
recover). can be accomplished for 
purposes of water conservation 
and/or pollution control. 
Opcmtins costs for cooling will 
airnost al\vays have an influence on 
@ s i p  decisions. 
i o q h  tlierc arc v;iriations. there 
.lrc t t i r c r  Ixisic t\.pes oi.w:ilant SU- 
1~!11s I'roin wliicfl t o  choose. 
)11cc iiiroiiqli. 1 1 0  se;il;irit I-ccmrirv 
?miai  sealant I-ccotwv system 
F:iII sraiant I-ccmw-v svstcm 
~ ' I ~ I I I I <  sciiernatics illit1 Iiriei. c l c ~ r ~ p -  
11~11s ot'each o t ' t he  three systems 
.1rc 5hon.n o n  this paqe. 
\I ctcm 
ORIGlNAL PAGE E3 
OF POOR QUALITY 
* e 
ih 
-_ ..--- c-- ---- --. . ..- _- ,_... .__^ 
Once Through, No Sealant Recovery System 






Inlet Elbow. Adapts vertical pump 
inlet to horizontal for mounting 
;- , of inlet check valve. Also used to 
.. -connect pump discharge separator 1 
0::; Vacuum Gauge. Shows pump 
inlet vacuum. Standard 3'/~-inch 
dial gauge comes with shut-off valve, 
has brass Bourdon tube. and reads 
.O-30 in. Hg vacuum. Gauge is nor- 
mallv mounted to pump suction 
tapping. Stainless steel tube is avail- 
able at additional cost. Precision 
gauges are  also available. 
Inlet Vacuum Relief Valve. Con- 
trols pump inlet and system vac- 
uum. If pump capacity exceeds the 
system requirements at the preset 
vacuum. the valve will open and 
admit ambient air or connected gas 
source to the pump inlet. Va1i.e 
seiection depends on desired i x -  
uum settins and pump size. Stan- 
dard valve is sized for typical 
vacuum setting ranse of 13 in. Hg 
vacuum tbr single-stape pumps and 
20 in. Hg vacuum or more for com- 
pound pumps. 
'?let Check Valve. Automaticallv 
lates pump f'rom inlet system .e en vacuum pump is shut down. 
Permits inict system to stay at i x -  
uiim aritl I)rotccts SWCITI from i)ack- 
flow o t ' i r  and sealant. Stantlard 
\ .a l i~!  is ot'special loiv prcssure ti if-  
fercntial ticsign wi th  stainless stcd 
disc. c1;istoincrIc. stfat. anti immze 
:mi\.. Jlotlcls rliimiiqh f i I X ( ; - . ; O ~ )  
::a\(: I Iircaclctl ( onnccrions.  Jtixic! 
L i ! l - : ; ( i { )  ; i n t i  1;ir:cr l1~1.c cast !roil 
', ;liw Ixitl\. i t . i t l i  llaiiqe con~irct;ons. 
!;..:et cll)oi\. o p r i o i i  I S  required tor 
::orizontd c1~1ttr3tion. 
I ni e t S h u r-O ff Valve. !+ IS t i\.ci\. I so- 
rite: pump t'rom iriict s\'stcm. S r m -  
:;im \.nl\.cs arc  tu11 I J ~ S S J L ' C  c x t  ::on 
:o(ii' \v l [ i1  tlanr,res Linu I311tia-S I i i J -  
,.,. ncm for dl pump inoticih 
. : I I 
;iici Iaryer. ~ a s t  ii-on ixitterflv m i  cc
'i i r i i  ()-i . inq seal> arc used. Tlir !.it- 
' e r  inoiiiit  I)ct\\eeri rnxi i iq  11ai:es. 
. 
- 
.- 3 - 
I; L11 C - : ( )I ) ,  Fo I' I< LR- :, hi 
Connector, Flexibie, Type I. 
Accommodates some motion and 
misalignment between pump and 
system. This type is relatively low 
cost and is recommended for most 
installations. I t  consists of flanged 
ends with a short length of flexible 
vacuum hose. 
Connector, Flexible, Type 11. Used 
where considerable relative motion 
exists between pump inlet and/or 
discharge and system piping. Stan- 
dard connector is steel flanged with 
stainless steel bellows. 
Connector. Self-Aligning Corrects 
for misalignment between pump 
and svstem piping. This tvpe will 
support a normal amount of piping. 
Some vibration isolation is also 
achiei-ed. Standard connector has 
flanged ends with corrosion-resist- 
ant plated steel and Buna-N gas- 
kets. Connector is also available with 
stainless steel sleeve and Viton gas- 
kets at extra cost. 
1 
Mecha&cal Shaft Seals. Used in 
place of standard gland packing to 
control sealant leakage and to pro- 
tect shaft. Standard is chemical-type 
(carbon. ceramic. teflon. and stain- 
less steel). .Alternate designs and 
materials are available. 
Sealant Supply Flow Control. 
Establishes the sealant flow m e  to 
the vacuum pump sealing liquid 
connection. The tvpe of control . 
used depends upon the type of seal- 
ant system used. pump size. rind 
individual preference. 
Discharge Separator Tank. Collects 
the gas-liquid discharge from the 
pump. separates liquid sealant from 
gas. provides liquid storage for seal- 
ant recovery systems. and has fit- 
tings for mounting ofoptionai 
sealant level sight and control 
devices. etc. .4dditional air dis- 
charge silencing is not required for 
normal noise limits. 
Standard tank is steel. G~lvanized 
and stainless steel ranks are xai1al)Ie 
at extra cost. Tanks are included in 
standard sealant recoverv systems. e 
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Examples of Use 
.. 
.... - . ,: ... ... . . . .  - . .- - . . . . . .  ._. . .  .- . 
Function of 
Liquid Ring Pump Application 
(I-: :- -- . ..... 
Casting, Molding, 
andForming 
Evacuation of molds, 
degasification of molten 
materials . i .  . 
Rubber, plastics, metals. wood produm, veneers 
- .  
Glass, sheet products. small parts, auto 
windshields, aircraft surfaces, beverage cans, 
sawmill operations 
. . .  ..- -- 
Chucking 
. i L .  . 
... . 
Vacuum pickup, handling, 
positioning, and holding 
Cooling and  
Chilling ( .  
Rapid evaporation of 
moisture content 
Fruits and vegetables 
Water, rubber products, oils. plastics. molten 
metals, beverages 
Deaeration and  
Degasification 
Removal of gases 
De hvd rat ion Removal of condensable 
vapors 
Transformers, refrigeration systems. foods. 
chemicals. electrical cables and conduits. grain. 
textiles. ink and dyes. rotary dryen 
Removal of offensive gases Chemicals, food products. efffuent processing Deodorization 
Distil lac ion Vacuum extraction of 
fractions 
Chemicals. petroleum. petrochemid. 
pharmaceuticals. food products 
I 
Environmental chambers. steam condensers, lasers. 
leak test chambers. reactors. process vessels. central 
vacuum systems 
i -. Evacuation 
- 
Removal of vapors and gases 
Poultry, fish, shellfish Evisceration 
Filling 
Removal of viscera 
Cooling and hydraulic systems. food m d  bevenqe 
containers. electrical trjnsformers. liquid transfer 
svstems 
Removal of trapped air. 
increased filling speed 
Fi It ration Increase flow of filtrate by 
reducmq pressure on 
discharge side of fiiter 
Chemicals. food products. pharmaceuticals 
Coffee. fruits and 1.epables. pharmaceuticals. 
food products 
Freeze Driinq R e ~ o v a l  (IF moisture 5 v  
sublimation 11 nder ~ a c u  m 
Cables, metal products. wood proaucs Impreynation Removal of vapors ana  p e s  
E:-acuacion of film and !,lister 
packaees. Sorties. c m s  anti 
Jars 
> l e x  poultrv. hardit are. food p roaxs .  canned 
and tiottled proaucts 
Plastics. rubber. food protiucts Putfinq 
. .  , '. '.,. ' . . .  . .  . .  
i . 
-_ . . 
*'. _ .  
Performance Data 
npical pumping capacity in adm of air 
(5096 A.H., water inlet tempemturn 60°F 
barometric pressure 14.696 psla) 
Erske HorsqGwer 
. - Pounds i. 145 
. K n  - 6 6  Weight. Compl. Pump Ass'y ~ 
Standard Shaft Seal 
..- 























Peak SHP-No  \Vater Recovery 
Peak BHP-Partial IVater Recovery 
BHP 5 73 mm Hg .-\bs.-Either Svscem 
Notes 
*Sranaxa motor IS oaen.drio proot for sranaard 
o o e r i r i n ~  conairions. Stnatlrr or Iarqer motors rnav 
be "sea on some models w m n  chosen sca~anr sssrcm 
ana or ooeritiny conairions ncrrnit. 
KLRC- i I througn hLKC-75. consult t x t o r \  
orner monels I i x c  i i m q c  Lonncc[ions wirn i j (J*r 
US.+ S 1 a r i i 1 in qs. 
"For : m e a  i\ater rccovcrv reauircments on \loaels 







































3.3 C i 
Z-2 LRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC 
525 .526  775 776 . . .  - 
3y/16 3 1 15/16 
' 5  1 81 1 
!15 245 
98 111 
35 v4 39 46 46 569/16 56% 60'h 601h - -  82'h 82'R 286716 86716 
342 399 613 613 1323 1323 1510 1510 ?-.3484 . . 3484 - ' 3 i #  3749 
-. 155 - 180 278 278 600 600 685 685 - 1580 - .  1580 ' . l i O O  I700 
1168 1168 143i  1437 1537 1537 -< 2096 2096 ;:-2196 2196 - . . -,- ~ .  895 _ _  99 1 
. I t ?  48 1 626 820 1315 1328 2287 2167 2778 2496 ' "5636 5229 _6168 5549 
602 103i 983 1260 1132 -. 2556 . _ ' ! E 2  - _  .4- 5798 _ -  2517 90 . . . .  - .  . - . . . . . . . . . . . . . . . . . . . . . . . . .  . .  ,-.-, . . . . . . .  .*---c .. - *.. .. - -. ... - :  . 596 372 ..--. -. 218 284 . .- . .- __.. _- .__" - 
. . . . .  . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  ---. V-Beit . Drive . 2.L.. ... .iL , . . . . . .  , _  .................... ... . . . .  -,.-,.- -c_-_ . I .  . - . -  
' % '  , _  . . .  
- ..-. _.A.-.TL -;.A i -- _-.----.'. .-._- - - ..-T -_ ,  - 
. . . .  ---- - - .- .. _ _  Stuffing Box with Lantern Ring . .  .-..- _ _  .... ... 
., --.._.-__--- . .- ._ 
- .  b 
. . . . . . .  ........... ............... - .. 
- -  .@'Iron Pump, Bronze Impeiler. St;ainless Steei Shaft .... - ---.-A,--.--.- .' ..--.-- -.-..--e-...-.. .L . .. -d - - . .  ..- . ..- - . ._-----._ -.---,-.- . -.--._.----.. .. - -c-c--..- ....-----c --.--.-. .-- 








i ! 13 
AI 90 





I I  
0 
d 
150 160 350 
162 180 380 
1 i 4  210 420 
i a5 245 460 
200 280 510 
205 300 560 
200 290 540 
190 280 520 
170 240 150 
120 160 275 
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50 123 
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Single-Stage Liquid Ring Vacuu,m Pumps 
-..- -__- - _.*.--I-- _-1 . -- , - .-_-..-..._--, . _I-.. -. I.... - ---. - _ _  I -_ ~ .-I- .  c -, .- ...---- ----- -- _-.- - .... .-.-..,- -- -..-.. -- .. . .- I '  
I KLR KLR KLR ELR KLR ICLR KLR KLR KLR KLR KLR 
45 85 130 450 360 700 701 1050 1051 4000 4600 2601 
otational Speed RPM 1750 1730 1750 1750 1750 1750 1300 1150 900 680 870 780 
Standard Motor* HP 3 15 25 50 30 75 50 100 200 150 
60" F Sealing Water Required GPM ** 6 .-- 11 -. 7 18 12 30 60 30 
W/Partial Water Recovery LitreMn. 11.5 19 23 41.8 26.5 68 45 114 228 114 
60°F Sealing Water Required GPM 4 5 7 10 15 22 20 30 25 40 70 50 
W I N O  Water Recovery Litre/hlin. 15.2 19.0 26.3 38 57 83.6 76 114 93 150 263 190 
Sealing Water Connection N PT * % %  1 I 1% 1% 1% 1% 2% 2% 2% 
Inlet/OutletConnections*** Inches 1% 1% 2 2% 2% 4 4 5 5 8  8 8 
Inches 12% 12% 17% 20?h 20x6 24'%6 241'4s 31%6 31% 41% 41% 41% 
mrn 321 321 450 519 519 630 630 793 793 1060 1060 1060 
rnm 251 251 312 414 414 511 511 619 619 840 840 840 
Inches 22!/2 241/16 27% 38% 38% 42% 42Yr 52!/z 52!/2 75% 88%6 88?46 
mrn 572 611 701 981 981 1086 1086 1331 1334 1927 2240 2240 
Pounds 97 106 198 375 463 706 706 1323 1323 3i49 4190 4190 
Kig 44 48 90 170 210 320 320 600 600 I i O O  1900 1900 
Pound!, 192 224 434 746 882 1441 1309 2414 2196 5488 6609 6415 
Kg 87 102 197 338 400 654 594 1095 996 2489 2998 2910 
Height. Bare Shaft Pump 
Width, Bare Shaft Pump 
Length. Bare Shaft Pump 
fVeight. Bare Shaft Pump 
Weight. Compl. Pump  ASS'^ 
Inches 9% 9% 12%6 I63/16 16VI6 20% 20% 24% 24W 33'/16 33vt6 33%6 
Drive Direct Drive V-Belt Drive 
Standard Shaft Seal Stuffing Box Stuffing Box with Lntern Ring 
Iron Pump, Bronze Impeller, Stainless Steel Shaft 
. - .. .-- - . .  hlaterials of Construction _ .  
Performance Data 
Typical pumping capacity in acfm of aiir (5006 R.H., water inlet temperature 60°F barometric pressure 14.696 psia) 
Pressure 760 Vacuum 0 33 68 130 250 3GO 650 490 1030 853 1650 2500 2300 
35 71 I30 250 360 650 490 1030 860 1720 2500 2300 mm Hg Abs. Inches Hg ti32 3 
5OT IO 36 73 130 250 360 650 490 1030 8.10 1710 2500 2301) 
380 IS 36 74 130 250 360 650 490 1030 829 1620 2500 223) 
25.1 "0 3.1 TI 124 245 360 620 460 I000 iFiO I-tjO 22C)O 2000 
126 25 23 52 80 173 250 410 300 700 459 330 I'?r)O 1070 
Erske Horsepower 
Compound Liquid Ring 
.- Vacuum Pumps 
. $  c2 Model KLRC-I 1 Models KLRC-25, KLRC-40, and U C - 7 5  0 
7 
a a 
Slodeis KLRC-775. KLRC-776. 






~ r UI I 1p1i 1y vapUuabj vw wuw 
Single Stage Liquid Ring 
- Vacuum Pumps 
I .  
e d e l s  KLR-45 and KLR-85 a 
Q 
I I I 4  I I  I I I 
28 27 26 25 12 20 I5 I O  0 
VACUUM IN INCHES Wd.C 
I 
29 
Models KLR-360, KLR-700, and KLR-701 0 
0 
lorn, 0 ' m ;  
5 
d m  2 
n 
W v )  
<LR.:50 
I 
f : 750 A P U  _ _  ; 1100: 1 
Models KLR-2000. KLR-2600.3nd KLR-2601 - 
Models KLR-130 and KLR-250 0 
i; =.# " i z  ' a  
a 
1m I m a  
I 0 
Models KLR-1050 and KLR-1051 
? 
v) 
ORIGINAL PAGE IS 
OF POOR QUALITY 
- w w - -  
e e 
ORlGlNAL PAGE IS 
OF POOR QUALITY 
L 
. -  




F O  - 
I 
L A :  4 
-W- 




i I i 10 
c:  K 
13 
vacuum rumps 
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Modeis KLRC-526. 775, 776.950.951. 
1500, 1501,2100,2101 
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~~ vacuum rumps 
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Models U R C - 5 2 6 .  773,776.950.951. 
1500,1501.2100.2101 
KLXC-j?S Inches 
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DES I G N  GLlTLI NE 
I .  INTRODUCTION 
I I .  DISCLISSION CF ALTERNATIVES 
111. CONCEPT CHOSEN FOR DESIGN 
I'd. OPERATION OF S'fSTEM D U R I N G  RECOVERY 
V I : .  D I SCUSS I ON OF SYSTEM 
_- 
r .  . .  - 
ORIGINAL ;& 
of POOR Q U A L m  INTRODUCTION: 
THE 12 FOOT WIND TUNNEL AT NASA AME5 I S  GClING TO BE 
' m  
RECONSTRUCTED TO HANDLE A PRESSURE OF 7 ATMOSPHERES ABSOLUTE 
PRESSURE. THE NEW CONSTEUCTION WILL MAKE THE TUNNEL CAPAGLE OF 
BEING PRESSURIZED UP TO 7 ATMOSPHERES AN0 TAKEN DOWN CLOSE TO 0.1 
ATMOSPHERES. I N  AD13ITION I T  WILL BE AE:LE TO REPLACE EXISTING AI: 
I N  THE TUNNEL WITH A REFRIGERAr1T OF SOFE SORT. USING A 
REFRIGERANT w ILL I r m E x E  OENSITY A r m  PROVIDE GZEATEF! RE*: ' raD's  
f' ' .  
4. LIGUEF'f I N G  R E F R I G E R A N T  I N  THE TUNNEL U S I N G  COOLING 
CnY I L S  , THEN D R A I N  I NG FROM THE TUNNEL FLOG?. 
ORlGlNAL PAGE IS 
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VAPORIZED FOE RECISE. AS THE PRESSURE I S  DECREASED I N  THE TUNNEL, 
A I R  IS INTRODUCED INTO THE TUNNEL AS A CARRIER FOR THE f?ESIDUAL 
REFRIGERANT. THE A I R  AND REFRIGERANT MIXTURE I S  PUMPED F;IOrq THE 
TUNNEL TIiROUGH THE REFRIGERATION r3YSTEM AP?D INTO A L I R i i I L ?  
NITROGEN SEPARATOR. T H I S  SEPARATOR WILL LIQUEFY THE REMAINING . 
REFRIGERANT AND PASS THE A I R  TO THE ATMGS?HERE. THIS LIG!JZ2 
REFRIGERANT WILL THEN ALSO EE PUMPED INTO THE MAIN STORAGE TANK. 
TO PREr3SURIZE THE TUNNEL AGAIN WITH REFRIGERANT FROM T: iE 
L I a U I D  STORAGE TANK A REVEliSE PROCESS IS USED. THE L IQEID 
REFRIGERANT I S  PIJMPED FROM THE STORAGE TANK INTO A HEAT EXCHANGE2 
TO OBTAIrd VAPOR F g R M  FOR THE TUNNEL. THE HEAT EXCHANGE? L12ES 
WATER AT AMEIENT Ci3NGITIONS TO VAPCRIZE TIiE L I R U I D  RE.F?IEE?ANi. 
AS A SECZNDAHY VAPORIZATION UNIT A STEAM JAChET I S  USE9 TC 
LIGUEF'/ AN'/ RE=RIGEi?ANT NOT VAPOR IZED E:'; THE HE.:T EXC;lAP!Zf?. A 
PUMP I S  IJSED I i - 4  THE L I R U I D  STATE TCj PUMP THE TUNNEL UP TZ 
SEqlJIZED C G p J O I T I D J S  ANI2 I F  NEiXSS,hP'! A COMPRESGOC WILL Sf :;DE? 
I ? ]  THE V{*PQR STATE E:EFORE E:*ITERIT\IG THE TUNNEL. 
ORIGINAL PAGE is 
OF POOR QUALITY 
I FIGURE 2: 
I 0 
1. THE REF??IGERATION W I T  IS ACTIVATED AI3ID VALVES 1 
AND 2 A R E  OPENED. 
2. VAL'JE b IS OPEPIED AS LIaUID IS DETECTED IN HEAT 
EXCHANGER 2. 
3. V A L ' E  1 1  IS OPENED ONCE THE L I W I D  HAS REACHED A 
SENSOR IF1 THE SEPARATOR Tkl'4K. 
4. PlJMP 1 WILL EE ACTIVATED ANC FREClN 22 WILL FiCY 
THROUGH IiEAT EXCHANGER 1 INTO STORAGE TANK. 
5 .  WHE'i.1 TUNNEL PfiESSURE EGUALS 1 ATflOSPHE?E, VAL'+'E 
3, !JILL €:E CLOSED AN0 VAI,'>/ES 3 AND 4 OFE?*lE3. 
ORIGINAL PAGE IS 
OF POOR QUALITY 
ESCAPE. 
OWEGENAL PAGE IS 
Of POOR QUALITY 
I N  SECINOARY SEPARATGi?. 
11. THE LIGJIO IS THEN 
THROIJGA PUMP 1. 
PUMPED TO 
F R E O N  REACHES s EY s c; ii 
THE S T O R A G E  TANK 
12. STEPS 6, 7, AND 11 A R E  REPEATED FOR UNTIL THE 
TiiFJNEL IS EMPTY O F  F R E O N  22. 
13. A L L  THE FREON WILL BE STORED I N  THE M A I N  STORAGE 
TANK A N G  A L L  VALVES A R E  CLOSEB. 
PEESSURIZATIQN CPERATIC:J GF s 9 r ' s ~ ~ i i :  
. .--- 1 . . r?-- . .  . - ,  . . - ,-I I . 
, 
{--. . 
3. VALVES 1, 3, AND 5 IS CLOSED AND VALVES 19, 3 7 ,  AND 
21 IS OF'ENED. 
4. PUEP 3 1:s ACTIVATED AS VALVES 14, IS, 17, AND 18 
ARE OPENED LETTING THE F R E O N  22 OUT O F  TEE STORAGE 
TANK. 
5 .  PUMP 2 IS ACTIVATED TO KEEP A MINIMUM FLOR RATE I N  
LINE ANI) THE F R E O N  22 PASSES THROUGH HEAT EXCHANGE5 
3. 
5. TZE LICUID FRESY ET IS VAPG~UZEC! mi THE HEAT 
EXC:iANGEF? 3. 
ORIGINAL PAGG IS 
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I THE SYSTEM WILL RECOVER AND STORE FREON-22 FROM TK'E TUNNEL 
AS WELL AS F I L L I N G  THE TUNNEL WITi i  THE STORED FREGSN-22 UP TO 
0 
SEVEN ATMOSPHERES. I N  THE DESIGN I T  TAKES 12 HGURS TO PUMP 
FREON-22 FROM SE'IEN ATMOSPHERES DGCJN TO 0.25 ATMOSPHERE3 AND- 
ANOTKER TWELVE HOURS T O  EXTRACT THE REMAINING FREaN-22 F2OM 
TUNNEL. TWELVE HOURS I S  USED TO M I N I M I Z E  THE S I Z E  OF THE 
REFRIGERATION UNIT USE: T O  I N I T I A L L Y  LIQUEFY THE FZEON-22. THE 
REFRIGERATION SiiOULO E3E CAPAE:LE OF HANDLING CAPACIT'I UP TO 
5.G3 MW (1500 TCNE') WliIC!i I S  AVA1LAE:LE F i iOM Cr?P.?IEi?. 
I N  THE DE3iGN T;-IE WCRST POSSIBLE CASE WE3E USE3 TG 
CALCULATE THE VARIOUS STATES. THESE VAFIIOUS STATES CAN EE 
IMPROVED I F  A GCSD CC>4TROL SYSTEM I S  USE3. THE CAPACIT'! OF THE 
REZF!?IGERATiG?4 UNIT CAN EIE V A R I E D  AS THE PZESSUPE If'] TEE TZi\Ji\!EL 
CIirSNGE3. T:-IE S A t E  CCLJLS GO F O R  PRESSUF! :ZI?IG TEE 5'f5T€!'! ' S I i ' l G  A 
CCNTROL S'fSTE? TO V A R Y  FLO!; RATE C F  WATE? AS TSE PRESSURE OF 
- .  ... .. -. .- . .- I I*_' - ? - -  -I- . , I - .. #_.- _ I -  --. - - . . - > .  ----. _ ,  . _  . _ .  ... :- A I  - - 
, 
RECOVERY 0 ORIGINAL PAGE IS OF POOR QUALITY 
T O T A L  RECOVERY T I M E  O F  24 H R S  
R E F R I G E R A T I O N  UNIT (R-22 1 
( S I N G L E  FLUID, TWO S T A G E  VAPOR C O M P R E S S I O N )  
EVAPORATE!? 
C A P A C I T Y  
MASS F L O K R A T E  
(LOWER S T A G E  1 
C fl NC ENS E R 
MGSS FLOWRATE 
(UPPER STAiGE 1 
T O T A L  PcJWEIR 








i 1.27 MW 
SECINDARY SEPARATOR ( C R Y C G E N I C S  1 
I L.:RUID NITROGE?4 
PRESSURE 
TEMPER A TU? E 
YASZ FLO:JF!ATE 
: ( IN I T I  A L L Y  
MASS FLCLJF!ATE 1 ( A N  HOUR LATE!?  ! 
TOTAL V A S 5  
3 ATM 
83 K 
129 L S / M I N  
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R-I 1. R-12 affected 
’ 
1 Global freeze on certain CFC’s 
i in 1989 and 50% cut 
strong and workable document 
with effective enforcement provi- 
siom, it marks the first time the 
worid community has acted joint- 
ly to control a potential en- 
nronmental hazard with specific 
in 1998 . 
, 
by Gordon Duffy ’ 
Canada - In a *Consumption of R-11. R-12, 
historic move intended to “send a 
1 s trong s ignal  to  industry,”  
: representatives of 49 nations 
j Sept. 16 signed the final act of a 
. i Protocol on Substances That De- 
! plete the Ozone Layer that  will 
j freeze, then reduce by 50%, the 
I global consumption of five fully 
i halogenated chlorofluorocarbon 
I (CFC) compounds. 
Consumption of three bromine 1 compounds used in fighting fires 
I also will be frozen at 1986 produc- I tion levels. 
! Of those who signed the final 
act. 24 nations - including the 
: US., the European Economic 
‘Community (EEC), and Japan -. 
‘also signed the protocol. Other 
!nations indicated they will sign 
later. If ratfied by their govern- ! ments, those who already have 
(signed are  more than enough to 
satisfy the minimum of 11 na- 
tions and twrxhirds of world con- 
sumption required to ratify the 
,@iY. 
eralded by many nations as a 
’ rezedies. It is scheduied 
become effective Jan. 1. 1989 
The protocol provides: C 
-- - 
‘Continued from Paqe I )  
be trexed. Reqonal economic 
orqacxt ions sucn as the EEC 
are ;emit ted provided each 
xemb2r state is signatory t o  the 
treat:;. !t discouraqes providing 
techr.o:oey to  nations not party to 
the x p e m e n t .  Xny exports to 
t h e n  x.:2r .Jan. 1, 1993, wiil not 
be crec::ed in the caicuiation of 
consu-xion leveis (production 
plus  izzorts minus eXpOrtSJ. 
0:h.r control measures :vi11 
he aerermined by 3 conference of 
7arr:c:rZnts to he established by 
1290.2:s qroup ais0 can raize or 
ntrol leveis 3nd add dr 
?v p@ ontroiled chemicais. It 
.wii deveiop procedures for 
1 1 1 ~ ;  x i t h  noncompiiance 
Amon; x t n  signatories ana  those 
:hat co zot sign. 
.I ._..... g in 1 E O .  Jnd every 
:bur :.ears thercai’ter. the con- 
:‘erence w i l  convene paneis of es- 
. .  
. C , l c l . *  
R-113, R-114, and R-115 will be 
frozen at 1986 consumption 
levels starting July 1, 1989. The 
ozone-depleting potential of R-11, 
R-12, and R-114 is listed as one. 
The potential for R-113 is 0.8 and 
for R-115 (used in R-502) it’s 0.6. 
Effective July 1, 1993, con- 
sumption of the above CFC com- 
pounds will be reduced to 80% of 
1986 consumption levels. 
Effective July 1, 1998, con- 
sumption of the same compounds 
will be reduced to 50% of 1986 
consumption levels. This figure 
can be revised by a two-thirds 
majority present who represent 
at least two-thirds of their total 
consumption. 
Production of three bromine 
compounds - Halon 1211, Halon 
1301, and Halon 2402 - will be 
frozen a t  1986 production levels 
starting Feb. 1,1992. No cuts are 
planned. The ozone depleting 
potential for Halon 1211 is 3; it’s 
-.. . - . 
p e r t s  to  a s s e s s  s c i e n t i f i c  
knowiedge and the impact of con- 
troi Zeasures. 
How the cuts in CFC produc- 
tion will be accomplished has 
been left to the individual na- 
tions who sign the treaty. In the 
US. EP.4 is under a court order 
to issue a proposed rule by Dec. 1. 
X1:hough it’s unlikely to be less 
str:ngent than the global accord, 
it couid be more stringent and it 
couid inciude other refrigerants. 
?lye :reat? does not mention 
R - 2 .  ..vnich is not fully haioqen- 
atea. It mostly breaks down in 
the iower atmosphere ana is seen 
by =any - inciudinq some EPA 
o1Ec:ais - as a solution :o the 
ozoze depietion problem rather 
than a contributor. 
Eiforts are being made to 
orqanize an  international consor- 
tium oiCFC produccrs by the end 
of !967 to expedite toxicity 
U.S. WAS AMONG the 24 nations that 
signed the Protocol on Substances 
That Deplete the Ozone Layer. Here 
U.S. chief delegate Lee M. Thomas, 
Environmental Protection Agency ad- 
ministrator. makes i t  official. Congress 
still must ratify the treaty. 
; 
. 
10 for Halon 1301, and has not 
been determined for Halon 2402. 
An exemption from the con- 
trol measures for up to 10 years is 
available to developing countries 
provided their level of consump. 
tion does not exceed 0.3 k i h  
grams (0.66 Ib) per capita. 
The  protocoi details how 
plants under construction are to 
(Page 31. Please) 
- _- _ _  
testing of possible alternatives to in the accord. Japan reported it 
the designated CFC’s. SuDposedly concentrating on the deveic 
these would include R-123 for ment of alternar;:.es and recy 
R-11 and R.134, for R-12. 
In the background :s a major 
race among CFC producers to 
come up with alternatives for the 
ing tecnnoiogy. 
designated fully haiogenated 
compounds and. iust as imuor- ~~~ 1s . -  ~r ~~ 
tantiy, to find the lowest cost 
methods of producing them. 
In all, 62 nations were repre- 
sented a t  last week’s dipiomatic 
conierence ..vnere the 5nai docu- 
ment was negotiated (see related 
story). 
The British chief delegate. 
Fiona McCmneil. said :he pro- 
tocol shouid provide a clear 
slqnal to inaustry that :he davs of 
fully haloqenated CFC’s are  
numbered. Severai nations. in- 
c!.iding Sweden. France. and 
Japan, reported they are weil 
ahead of the cutbacks sckeriuled 
& BOOR QUALITY 
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,-.- APPENDIX 4 
.. - 
TOTAL VOLUME OF TUNNEL : 1OOOOOC) FT3 
A"" lrvl 
3 . 3 ~ i  ,E R-E IN TUNNIX A ' r  -ioo F ANG 7 ATM 
3 - THE SPECIFIC VOLUME : 0.56225 F T  /LE 
TOTAL MAS3 O F  A - 2 2  : VCLUYE / SPECIFIC VOLLJMS 
3 = 
= 1.779 ( 106 ) I b  
1OOOG~'3ic) F T  / 0.56235 FT3/  LB 
THE TOTAL TIME aF RECOVE~~Y PROCESS IS 24 Hams 
TIME F O R  DECREA5ING THE PRESSERE II'GIDE TUNNEL DROP FROM 7 ATM Tt i  
0.25 ATM EI'ZUALS TO 12 HOURS. 
MA'XIMUM LATEPJT HEAT AT T = -40°F, 1 ATM 
; = 1CC E t u  / I b  
ORIGINAL PAGE IS 
OF POOR QUALITY 
TOTAL v a u m  GF R-E INSICE TZNNEL IN  L I W I D  PHASE AT 7 ATM 
FROM FREON T A B L E  
THE S P E C I F I C  VOLUME = 0.0132!=1 FT /LE 3 
v a t u m  aF T A m  REGUIKD = (MGSS) (SPECIFIC VOLUME I 
G 3 = 1.778(10 ) L E ! G . O ? 3 Z 5 1  FT / L B >  
= 23563.6 F T 3  
I N  ADDITION, ALLOWAGLE SFACE FCIR EXTRA R-E AND VAPOR 
VOLUME O F  TANK = 30,000 FT3 
TANK SIZE FOF C'r'LIt4GRICAL SHAPE : HEIGHT = 40 FT 
DIc'4M€TEi? = 2(3 FT 
FGR SP'.iE3 IC.IL SIi:'.Ff : OIAMETER = 33 FT 
r- ALLOWS ROOM FOR SCREENS AND V.APOR . . .. 
V = 6000 f ?  
ORIGiriAk PAGE IS 
OF POOR QUALITY 
SECONGARY SE? Ai? ATOR 
AFTEF! THE PliIMARY RECOVERY THERE ARE 3 O F  VAPOR R - 2 2  AND 97% A I R  
I N  THE TUNNEL. 
MASS OF A I R  , Fi?OM A I R  T A B L E  A T &  ATM AND 70°F 4 
THE SPECIFIC VOLUME: 
- 19042 l b  
I5 = mq 
'= 10,000 Btu /m i n  (175KW 1 
A S S U M I N G  THE LATENT O F  THE N I T R O G E N  TO SUPPLY THE HEAT TO LIGiJEFY, 
THE R - 2 2 ,  FROM NITROGEN D I A G R A M  
q = 63 E;tu/ lb 
THE I N I T I A L  MASS FLOW RATE OF LIGUID NITROGEN REQUIRED .- 
FOE. LIRUEFACTICN O F  REilAINING R-22 
ORlGlNAL PAGE IS 
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.c. TOTAL MASS OF LIQUID N ~ T R O G E N  ASSLIMED AT ONE HOUR INITIAL AND i i  
i 
E N E R G Y  LOAD : 290,565 E:tu/min (5.08 MW) 
E V A P O R A T I O N  : 15 p s i a  
C O N D E N S A T I O N  : 140 psia 
I N T E R M E D I A T E  P R E S S U R E  : 45 p s i a  
h, = 105.187 B t u / l b  
I 
I TOTAL TIME TO PRESSURIZE THE TUNNEL IS 12 HEZ. a 
THE AVEFIAGE MASS FLOLjRATE TO PRESSURIZE THE TUNNEL: 
= 2500 1 b/rn i n 
CONTROL VOLUME OF THE HEAT EXCHANGER 
f rorn 
s t o r a g e  
53'F 70°F.-> tG 
t a n n e l  
7c*r  
.d '_t  70 -7 591- 
enelin9 +=we/ 
f ra:n 
CJC: i ng  tower 
H E A T  REGUIREC F"nGM WATER 
ct = ap=% 
9 0  
8 
M A S S  F L O W R A T E  RERUIRED TO PUMP THE WATER 
- 
= 1700 hp ( 1.27 MW 1 
ORIGINAL PAGE IS 
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a c 
APPENtlIX 0 CALCULATION O F  TGTAL MASS OF 8-2Z EMITTED 
,I 
T F T  
LET Y , =  8 / T  
Y3 = DT 
E (F-T 1 
L O G  lo (F-T .) y4 = ------- 
FT 
7 -7- 
I .  23Cl f 
= 4.031997272 
s a t  = 
<. ORIGINAL PAGE IS OF POOR QUALIN 
.. - 
6.. * 
= 0.037 l b  
I 
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